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J By keeping pace with the 


march of science, Tretolite has been 


able to provide the oil producing in- 


dustry with the most scientifically de- 
veloped—the most dependable formu- 
las and procedures for treating crude 
oil or B.S. to pipe line requirements. 
There is a solution for your particular 


problem and a Tretolite representative 








in your field who will help you find the 
solution which best suits your needs. 
There is no charge or obligation for 


this service. 
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The Course of Oil 


By K.C. SCLATER 





Fostering To many in the industry, particularly 
Petroleum those of us conversant with the activi- 
Progress ties of the American Petroleum Insti- 


tute, the part played by the Institute in 
contributing to progress is well known. In this con- 
nection, the purposes and activities of the Institute 
were forthrightly outlined in an address by Wm. R. 
Boyd, Jr., at the annual meeting in Chicago. The fol- 
lowing pertinent excerpts from this address are facts 
worth remembering: 


“In 1919, the Institute was incorporated under the 
District of Columbia law. Its stated purposes were: 

(a) To afford a means of coéperation with the 
government in all matters of national concern. 

(b) To foster foreign and domestic trade in Amer- 
ican petroleum products. 

(c) To promote in general the interests of the 
petroleum industry in all its branches. 

(d) To promote the mutual improvement of its 
members and the study of the arts and sciences con- 
nected with the petroleum industry. 


“Always, and now, the members of the Institute 
have been individuals engaged in the petroleum and 
allied industries. 

“Carrying out its chartered purpose, the Institute 
has endeavored always to codperate with government 
administrative agencies in matters in which those 
agencies manifested an interest or about which they 
sought facts relating to the oil industry. The record 
of codperation in these respects is a long one and I 
do not know of any instance where any administrative 
agency of government has ever charged the Institute 
in this respect with bad faith or impugned its motives. 

“In legislative affairs, the Institute maintains no 
lobby. On occasions its directorate has declared pub- 
licly opposition to certain proposed forms of regu- 
lation and control and its staff representatives or 
committeemen have appeared before legislative com- 
mittees in support of its position. Educational activity 
has been conducted and appearances have been made 
widely with respect to unwarranted and unreasonable 
proposals to tax the industry’s products and regulate 
its operations. 

“Little or no activity has ever been conducted with 
respect to foreign relations or the trade of those in 
the industry engaged in foreign trade. 

“The Institute has sought over the years and in 
many ways to promote the interests of the industry 
in all its branches, and to promote the mutual im- 
provement of its members and the study of the arts 
and sciences connected with the petroleum industry. 

“For years the Institute has functioned as the prin- 
cipal technological clearing house of the industry. At 
its meetings the industry’s scientific minds have pub- 
licly and freely expressed themselves and thousands 
of men have codperated in committee studies of a 
large variety of problems common to the industry 
and its welfare—problems, for example, of engineer- 
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ing, geology, fundamental research, production and 
refining technique, accounting, accident and fire and 
waste prevention, and equipment standardization and 
its proper use and care. 


“The procuring of new knowledge and its dissemi- 
nation in large quantities has resulted in increased 
efficiency in every branch of the business. In these 
respects, the Institute has functioned really as a sort 
of University of Petroleum, which any one in or out 
of the oil business might attend. 


“Useful data and statistics about past and current 
production and stored quantities of crude oil and 
products have been assembled and disseminated to all 
who wanted to know these facts. Similar data and 
statistics long have been gathered by departments of 
the federal government but their gathering and pub- 
lication occur at less frequent intervals. The Institute 
does not make any recommendation or suggestion to 
any individual producer or refiner how much oil he 
should produce or how much oil he should refine or 
store, nor to any marketer about how much oil he 
should sell or to whom or how or at what price he 
should sell it. Institute figures relate to an over-all 
industrial picture.” 

Here are a few other illustrations of how the Insti- 
tute attempts to promote the industrial interests. 

“Corrosion of equipment studies and tests have 
been made by committees. The problems involved 
have commanded the attention of many engineers, 
chemists and metallurgists, and economic loss and 
hazard to life and property have been reduced. 

“Much oil country equipment has been standardized 
and simplified and numerous recommendations have 
been made for the proper care and use of this equip- 
ment. This has been done in coéperation with equip- 
ment manufacturers. 

“Technical and engineering problems relating to 
how to produce crude oil more efficiently have been 
widely discussed at Institute meetings and the prob- 
lems studied by Institute committees composed of 
petroleum engineers. 

“Interesting and informative data about petroleum 
and the petroleum industry and its products, and 
material about its functioning and its public service 
have been assembled from whatever sources obtain- 
able and widely published for the information of all 
those who care to read it. 

“So many and varied are the activities of the staff 
and the many committees of the Institute that it is 
impossible to enumerate and describe them here. 

“Let it be said truly that the large number of 
committees of the Institute’s Division of Production 
do not discuss nor deal with quantities of crude oil 
produced or stored or the price asked or paid therefor. 
Likewise, let it be said truly that committees of the 
Division of Refining do not discuss nor deal with 
quantities of products refined or stored or the price 
asked or received therefor.” 
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MATERIALS e METHODS e FACILITIES e EXPERIENCE 


Some of the men who make 
Leschen Wire Rope. Average 
length of service of this group 
is over 35 years. They are not 
only skilled wire rope makers, 
but they train the younger men 
who are being brought into the 
organization from time to time. 





Domestic Distributors 


AMERICAN SUPPLY COMPANY 
Kilgore, Texas 
THE CAMERON TOOL & SUPPLY CO. 
Cameron, West Virginia 
CASEY & NEWTON 
901 Century Bldg., Pittsburgh, Pa. 
GUSTIN-BACON MANUFACTURING CO. 
Kansas City, Fort Worth, Houston, Tulsa 
F. HAMILTON CO. 
Bradford, Pennsylvania 
HERCULES SUPPLY COMPANY 
Fort Worth, Corpus Christi, Kilgore, 
Houston 
HILLMAN-KELLEY, INC. ~ 
2441 Hunter St., Los Anceles, Calif. 
KIMBELL-BOSTIC SUPPLY CO., INC. 
Wichita Falls, Texas 
THE B. LEVY ESTATE 
Titusville, Pennsylvania 
MURRAY-BROOKS HARDWARE 
COMPANY, LTD. 

Houma, New Iberia, Ville Platte, 
Lake Charles, Louisiana 
NADEAU BROTHERS COMPANY 
Cut Bank, Montana 
NORTH TEXAS HARDWARE CoO., INC. 
Vernon, Texas 
PARKERSBURG SUPPLY COMPANY 
Parkersburg, W. Virginia 
UNION PIPE AND SUPPLY CO., INC. 
Owensboro, Kentucky 
UNITED PIPE AND SUPPLY CORP. 
Charleston, West Virginia 
UNITED SUPPLY & MFG. CO. 
Tulsa, Oklahoma City, Stonewall, 
Chase, Kans. Hutchinson, Kans.; Eunice, 
N. M.; Denver City, Texas; Edna, Texas; 
Houston, Texas; Levelland, Texas; 
Odessa, Texas; Pampa, Texas 
WELL MACHINERY & SUPPLY CO., INC. 
Fort Worth, Texas 
WESTERN MACHINERY COMPANY 
Salem, Illinois 


“Leschen Quality” is the sum of many factors, of 
which the human element... the Leschen Organi- 
zation, is an important one. It consists of the men 
who direct the company’s policies, the engineers 
who design the ropes, and the skilled workmen 
who either actually make them or supervise each 
manufacturing process. 


You can depend on “HERCULES” (Red-Strand) 
Wire Rope for safe and economical service, because 
its entire process of manufacture—from the selec- 
tion of its material to the last inspection — is 
planned and double checked. Nothing is left to 
chance. 































Your proving ground for wire rope is on the job, 
so why not measure the actual worth of “HERCU- 
LES” by the yardstick of performance? If there is 
a saving to be had, do you not want the benefit 
of it? 


Round Strand — Flattened Strand — Preformed 


In “HERCULES” there is a correct type and 
construction for every oil field purpose. We 
recommend Preformed Wire Rope for Rotary 
Lines, Tubing Lines, Sucker Rod Lines and 
Winch Lines. 










Export Distributor 
CONTINENTAL EMSCO COMPANY, INC. 
30 Rockefeller Plaza, New York, N. Y. 


BRANCHES 
Buenos Aires, London, Ploesti 
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A. LESCHEN ey SONS ROPE COQ. 


WIRE ROPE MAKERS ESTABLISHED 1857 
5909 KENNERLY AVENUE ~at LOUIS, MISSOURI, U.S.A. 


NEW YORK ’ ’ ’ 90 West Street 
CHICAGO ’ ¢ 810 W. Washington Bivd. 
DENVER ¢ ’ ’ 1554 Wazee Street 


aan 


SAN FRANCISCO ¥°* ¢ 520 Fourth Street 
PORTLAND , r 914 N. W. 14th Avenue 
SEATTLE ’ g 3410 First Avenve South 
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« « HIGHLIGHTS IN OILDOM » » 





Texas oilfields, other than a 


Policy of Nine few exceptions, will continue 
to close-down nine days each 


Shutdown Days month through January. A 
60-day statewide proration order was so issued by the Texas 
Railroad Commission the latter part of November. 

Shutdown days, the same monthly number that was stip- 
ulated in the 90-day order that expired November 30, were 
given in the recent order as December 1, 7, 8, 14, 15, 21, 22, 
25, and 31, and January 1, 4, 5, 11, 12, 18, 19, 25, and 26. 

Shutdown exemptions were authorized for all the Pan- 
handle area and for the following fields: 

Luling-Branyon, Salt Flats, Mission River, Oakville, Plum- 
mer, Arriola, West Beaumont, West Orange, Kubela, Bam- 
mel, Barbers Hill, New Batson, Boling, Buckeye, Clay Creek, 
Damon Mound, Danbury Dome, Esperson Dome, Eureka 
Heights, Goose Creek, High Island, Hull, Humble, Living- 
ston, New Mykawa, Sandy Point, Louise, Mykawa, North 
Dayton, West Columbia New, Dyersdale, Lochridge, Moca, 
Charamousca, Eagle Hill, Minnie Bock, Seven Sisters, Sam 
Fordyce, North Sam Fordyce, Mexia, Powell, Sulphur Bluff, 
Wortham, Boggy Creek, Cayuga, Grapeland, Lone Star, 
Talco, Rodessa, Big Lake, Grayson, World, Hendricks, How- 
ard-Glasscock, Iatan-East Howard, Taylor Link, and Johnson. 


Compact Commission Members of the Interstate 
Seeks No Increase Oil Compact Commission, 
in Powers meeting in Tulsa, Oklahoma, 
this month, made it clear 
that they do not seek the power to regulate the flow of oil 
from the fields of its member states. The hope had been ex- 
pressed in some quarters that the commission would attempt 
to assume police powers to forestall the possibility of federal 
control of production. 

J. C. Hunter, Texas’ representative and chairman of the 
committee to hear suggestions on revision of the compact, 
asserted that in his opinion the commission should stress 
closer coéperation among the compacting states. 

“We can accomplish a great deal more in the future if we 
widen our activities under the powers the commission now 
holds,” he stated. 

Governor Leon C. Phillips of Oklahoma, chairman of the 
Compact Commission, expressed the opinion that the mem- 
ber states should strive to use the commission as a means of 
exchanging information, each state to work out its own 
problems under its own laws. 

At the morning session of the commission, Dr. A. G. 
White, chief of the Petroleum Division of the U. S. Bureau 
of Mines, asserted that the consumption of petroleum prod- 
ucts in 1941 would increase 6 to 7 percent, perhaps as much 
as 8 or 9 percent. He also stated that, although this increased 
consumption is in view, crude oil production should not in- 
crease more than 1 percent until the demand for refined 
products had increased more than 7 percent. The losses in 
export demand and withdrawals of refined and crude stocks 
should be used to take up the first 6 percent, he said. 


The Texas Railroad Commis- 
Commission Issues sion San — 9 Lae 
. ing field rules: Abe eld, 
Field Rules Pecos County, 20-acre prora- 
tion units, with an option of 40-acre units, the proration 
formula to be 60 percent acreage and 40 percent well basis. 
Nail field, Shackelford County, 20-acre proration units. 


Texas Continues 


Texas Railroad 
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Nichols field, Hidalgo County, 10-acre spacing and 20- 
acre proration units. 

West Cole field, Webb County, 10-acre spacing units and 
10-acre proration units, with acreage basis. 


* 
Federal Court 


A three-judge federal court 


Upholds Kansas has upheld the right of the 
Kansas Corporation Commis- 


Commission's Power sion to divide the state’s oil 


market equitably among prorated fields. The opinion was 
given in a case in which Bay Petroleum Corporation and 
Morgan, Cobb and Flynn were the plaintiffs, and in which 
the commission’s authority to limit production in the Otis 
pool, Rush and Barton counties, was questioned. The opinion 
dissolved a temporary restraining order granted against the 
commission in September, 1939, after the commission had 
canceled special allowables previously granted the pool. 

Judge Sam G. Bratton of New Mexico, who delivered the 
court’s opinion, said in part: 

“If excess production is allowed in one prorated case, even 
without physical waste there, total production will exceed 
total market demands and that condition contributes to 
physical and economic waste as well as industrial instability.” 


In a dissenting opinion, Judge Walter A. Huxman of Kan- 
sas said: “I have grave doubts as to the constitutionality of 
the statute which authorizes the state to regulate the cor- 
relative rights as between pools without reference to the 
element of waste and more doubt as to the reasonableness of 
the challenge to regulation. If we once hold that the state 
may not only regulate this industry affected with a paramount 
public interest in order to prevent waste but that it also 
may divide and allocate the market to different consumers 
or producers disassociated from some form of waste, then 
we have destroyed the last remaining vestige of free enter- 
prise and have completely regimented the oil industry.” 


After payment of 10,000,000 


Submits Operating pesos to the federal govern- 
ment to provide 6,900,000 


Report for 1939 pesos for reserves, a net profit 


of 15,770,528 pesos was realized during 1939 by the Yacimi- 
entos Petroliferos Fiscales, the governmental petroleum en- 
terprise of Argentina. Total capital has increased since 1931 
from 260,000,000 to 533,000,000 pesos. Total production of 
petroleum from the wells of Y.P.F. amounted to 10,222,533 
bbl., an increase of 13.6 percent over the 8,998,468 bbl. 
produced in 1938. Considerable exploration work was carried 
on and additional drillings were effected in the Tupungato 
region of Mendoza, “El Trebol,” and ‘“Manantiales Behr,” 
both in the territory of Chubut, “Rio Pescado” in the 
Province of Salta, and in the Comodoro Rivadavia area. 


A total of 10,106,413 bbl. of crude petroleum was handled 
by the refineries of the organization during 1939. Th*- 
resulted in a total production, among other products, of 
2,910,603 bbl. of gasoline, an increase of 15.7 percent over 
the production for the year 1938. 

At the end of 1939, of a total of 3250 wells, 1854 were 
producing, 406 were temporarily closed, 50 were either on 
production or in reserve, 471 were abandoned, 105 were 
about to be abandoned, 35 were being drilled, 142 were 
under study, and 168 were in other categories. 


Y.P.F. in Argentina 
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PENBERTHY KGCCL PENBERTHY 
DROP wale STEEL DROP FORGED STEEL 
LIQUID LEVEL GAGES 





LIQUID LEVELIGAGES 








All Penberthy 
Liquid shows black— Gages 
empty space shows white. conform with Used to observe color and 
Preferred wherever liquid A. P. 1.—A. S. M. E. density of liquids under 


level must be easily and requirements. high pressures, and/or 
positively visible . . . and temperatures. Construc- 
when liquids are under 
high pressure or at high 


tion is exceptionally 
rugged .. . similar to 


temperature. Reflex types. 





PENBERTHY KOU PENBERTHY 
WATER GAGE SET DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Water shows black—steam shows Made of Chromium-molybdenum 
white. U-Bolt construction is alloy temperature-resisting steel, 
strongest and simplest to service. extra heavy throughout. Stain- 
Glass replaced by simply remov- less steel trimmed. Tubular glass 
ing nuts on face of gage... type gages also available in 
unnecessary to work between various other metals suitable for 
gage and boiler. practically all conditions. 




















PENBERTHY INJECTOR CO. 


DETROIT, MICHIGAN * Canadian Plant; Windsor, Ontario 









































Activities in the Oil Fields 





GCG". OIL CORPORATION has opened the first Silu- 


rian pool in the Permian Basin, West Texas. Wristen 
Brothers No. 5, in section 18, block 5, H. and T. C. survey, 
southeast Ward County, flowed 698 bbl. of 28.2 gravity oil 
in 17 hours. Gas production was estimated at 3,250,000 cu. 
ft. per day. 
& 

A new oil field has been discovered by Gulf Refining Com- 
pany in the West Bay area, Plaquemines Parish, Coastal Lou- 
isiana. At a depth of 7265-85 ft. the well recovered 5300 ft. 
of 31.6-gravity oil in eight minutes on a drill-stem test. This 
is Gulf’s third wildcat venture in the area, the other two 
having been drilled southeast of the new discovery. The first 
was abandoned at 5800 ft. and the other at 11,500 ft. 

& 


Stanolind Oil and Gas Company’s Driscoll No. 1 appar- 
ently has opened production for a new horizon in the Dris- 
coll area of Russell County, Kansas. The test, situated in 
CN’, SW SE of 30-15-llw, is producing from the Ar- 
buckle dolomite, the top of which was found at a depth of 
3255 ft. The well was drilled to a total depth of 3266 ft. 
and plugged-back to 32621 ft. 

* 


Amerada Petroleum Corporation has discovered a new pool 
in the Greater Seminole field of Oklahoma with its Campbell 
No. 1, in CNY2 SW SW of 30-9-6e, south of the East Earls- 
boro pool and west of the West Seminole pool. On a recent 
test it flowed 170 bbl. of oil in 10'% hours from Wilcox sand 
at a depth of 4220-75 ft. Already the company has staked 
an offset to the north, F. H. Harris No. 1, in C S'4 NW SW 
30-9n-6e. 





Production has been obtained from the Wilcox sand in the 
former Hunton lime producer of Stanolind Oil and Gas 
Company and Amerada Petroleum Corporation Davis No. 1, 
in SW SW NE 3-10-5, northwestern Seminole County, Ok- 
lahoma. The well swabbed 51 bbl. of oil in two hours at a 
total depth of 4687 ft.; former total depth was 4425 ft. in 
the Hunton lime. The well is in the North Earlsboro pool. 


& 

Obering and Phillips Howe No. 1, near Woodlawn, Jef- 
ferson County, Illinois, swabbed oil at a rate of 4'/ bbl. an 
hour from the Benoist sand at 1981-88 ft. The test then 
awaited storage facilities before making an initial production 
test. The well is a wildcat in 25-2s-le. 


* 

Transwestern Oil Company has opened the third produc- 
ing zone for the McFaddin field, Refugio County, Texas. On 
a drill-stem test its McFaddin No. E-18 recovered 360 ft. of 
gas-cut mud, 540 ft. of oil-cut mud, and 180 ft. of salty 
water in 19 minutes from a depth of 5510-21 ft. 


@ 

Hunleth No. 3 of Harry Hubbard, a wildcat test in SW 
NE NW of 39-3s-4w, Oakdale township, Illinois, swabbed 
oil from the Benoist sand at a total depth of 1185 ft. The 
well is in Washington County. 

& 

A new Paluxy gas pool has been opened in eastern Shelby 
County, Texas, by the Superior Oil Corporation of Tulsa, 
with its Pickering Lumber Company No. 4, east of Shelby- 
ville. The test previously had been abandoned at a depth of 
2610 ft. The operator decided to deepen and on a drill-stem 
test from 3678 to 3685 ft., 30 ft. of mud and an estimated 
1,000,000 to 5,000,000 cu. ft. of gas were recovered. 


















































DAILY AVERAGE CRUDE OIL PRODUCTION 
Data Supplied by A.P.I. 
| AVERAGE CRUDE OIL PRICES or 4 
(Figures in bbl. of 42 gal. each) 
1B. of M. Week Week Week 
} . . +s Calculated Ended Ended Ended 
California Louisiana Requirements Nov. 30, Oct. 26, Dec. 2, 
Kettleman Hills $1.12-1.38 Rod 01.08 (November) 1940 1940 1939 
* odessa $1.05 | oklahoma 413,000 2403,550 397,200 408,950 
| Playa Del Rey .65-1.08 Kansas 186,000 2196.650 189,600 177,250 
C , Gulf Coast .79-1.28 | Nebraska 2 2,550 2,600 50 
oalinga .60- .82 - — 
F: g xas 50,500 80,350 61,150 
Wilmington 60-1.14 N th # isian 73-1.05 orp sohguagaa 106'250 112.180 74,100 
* 7 or oulsiana . ' West Central Texas 28,150 31,200 24,700 
West Texas 178,800 240,000 184,950 
2 — East Central Texas 72,850 76,950 79,350 
Montana 80-1.10 — THinois 1.00-1.15 | East Texas 298,700 375,000 299,000 
Southwest Texas 159,800 225,700 154,150 
Wyomin 35-1.30 Coastal Texas ___ 194,300 _ 243,050 __183,050 
” . Kentucky 1.05-1.20 | TOTAL TEXAS _ 1,291,000 1,089,350. 1,384,400 1,060,450 
North Louisiana 66,500 67,000 69,650 
Colorado -90- .98 Indiana 1.00 Coastal Louisiana 219,850 _216,150 _202,550 
: ( : TOTAL LA. 274,000 286,350  _ 283,150 272,200 
New Mexico -77-1.00 Arkansas 71,000 69,400 68,950 70,250 
Ohio Mississippi 13,800 2 16,000 15,450 1,250 
T Illinois 385,000 327,400 343,700 330,950 
exas Lima .90 | Indiana 14,200 2 20,550 19,100 ) 
‘ ast (Not incl. 105,750 
North Central -71-1.03 “ie woe Ind.) 86,400 89,250 86,950 j = 
Panhandle .67- .96 Michigan .81-1.18 pa ae sae 42,200 000 
- yoming 75, 72,65 74,3 ° 
West Texas 53- .95 p twand Montana 18,900 17,800 18,200 17,050 
2 ennsylivania Colorado 3,700 3,500 3,350 4,000 
Gulf Coast 86-1.28 y New Mexico 104,000 101,100 101,450 110,750 
Darst Creek .96 Bradford 2.00 TOTAL EAST 
, OF CALIF. 2,987,000 2,742,450 3,036,400 2,694,300 
East Texas 1.10 Southwest 1.65 | California 583,000 592,600 603,900 594,900 
| Talco 65 Bureka 1.59 | TOTALU.S. 3,570,000 3,335,050 3,640,300 8,289,200 
™ . 1These are U. S. Bureau of Mines’ calculations of the requirements 
Kansas -60-1.10 Buckeye 1.55 of domestic crude oil based upon certain premises outlined in its de- 
Corning 1.12 | tailed forecast for the month of November. As requirements may be 
Oklahoma .60-1.10 supplied either from stocks, or from new production, contemplated 
withdrawals from crude oil inventories must be deducted from the 
j Arkansas .73- .95 Canada 2.10-2.17 Bureau’s estimated requirements to determine the amount of new 
i . crude to be produced. 
“Oklahoma, Kansas, een, Mississippi, and Indiana figures are 
for week ended 7 a. m. November 27. 
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ro? TELFLAKE... 


Prevents Mud Losses— Regains Circulation— 
Controls Cement Slurry Placement 


OlL AND GAS WELL 
CHEMICAL SERVICE 





Research scores again! JELFLAKE is a 
chemically inert flaky substance used exclusively by 
Dowell for regaining lost circulation in drilling wells. 
One of its important uses is with bentonite and 
cement for sealing off highly porous formations 
where the cement slurry is being lost. JELFLAKE is 
also useful in acidizing oil wells. Small amounts 
can be added to Jelly Seal to improve its temporary 
plugging properties in extremely porous formations. 


DOWELL 


JELFLAKE is a superior agent because it has enor- 
mous area per unit of weight, high tensile strength 
and is unaffected physically or chemically by water 
or mud; will not ball up, accumulate or bridge in the 
hole, and stays in suspension. JELFLAKE will pass 
readily through most types of pump valves. Nearly 
every formation in which mud or cement is lost can 
be readily sealed off with JELFLAKE. 


INCORPORATED 


"gain circulation, Jelflake is spread 
the suction of the slightly sub- 
"9d mudhog intake, stirred in 


wally and pumped into the drill pipe. 


Executive Office: Midland, Michigan—General Office: KENNEDY BLDG., TULSA, OKLAHOMA —Subsidiary of The Dow Chemical Company 


Importance of this Dowell achieve- 
ment is proved by its wide accept- 
ance. Here is a typical example 
of results obtained with JELFLAKE. 


An Illinois well had been losing circu- 
lation for two days. Thirty tons of 
cotton seed hulls and several pits of 
colloidal drilling mud were pumped 
down the hole. The situation was 
desperate. 


Finally, 200 pounds of JELFLAKE were 
mixed with a small pit of mud and 


bd 


pumped into the drill pipe. The pumps 
were stopped periodically to insure a 
maximum filtration of flakes onto the 
porous rock. 


Within one hour full returns were 
gained and drilling was resumed. 


To keep up with the times, keep up 
with Dowell. Through collaboration 
with its parent company, The Dow 
Chemical Company, other develop- 
ments of equal importance are 
destined to follow. 


DOW SERVES 
THE NATION WITH 
CHEMICAL PRODUCTS 


For Example: Dow Caus- 
tic Soda, supplied to 
industry in three forms 
—flake, liquid, solid— 
finds important use in 
Mercerizing Cotton, 
Cotton Bleaching, Rayon 
Manufacturing, Soap 
Manufacture, Oil Refin- 
ing, Rubber Reclaiming, 
and in the Manufacture 
of Paper. 























Petroleum Statistics and Field Activities 





U. S. Daily Average Production 


| 3.850,000_ 





Daily Average Crude Runs to Stills 


} 3,600,000 

































































ot ee. ” 7 
=| 3,700,000__ gg i ge 3 3,500,000 
S 3,550,000 Bue Reeeia 8aa| | & 3,400,000 
< 3,400,000 BRR Ee Ea EEE o ~ 3,300,000 
| 3,250,000_ 8 & & & & gee | 3,200,000 
. . . gf is v me = Pb Ss. gs = 
Get cRerochePas s SEO 8 & 
asetse<cs22<3862Z asg=s< 
U. S. Crude Oil Stocks Finished Gasoline Stocks—Total U. S.* 
| 285,000,000___ oa os _ y 90,000,000 ad 
_ 
se) 270,000,000_ —————————— ~. 80,000,000 7 
~ 255,000,000_ _ ~ 
< 240,000,000__ ie < 70,000,000 
l 225,000,000 se & | 60,000,000 
0 ss = Sp. 2 > oh Pa a3 > 3: & 
o 5 & 3 Ss c = a2 2.5 0 o 5 
*These figures inlude finished stocks at refineries, terminals, and in transportation in pipe lines. 


Previous to June, 1939, this chart showed finished 


stocks in refineries only. Above statistics by the American Petroleum Institute. 
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Summarized Operations in Active Fields for November, 1940 


































































































FIELDS | Completions | Producers | Rigs | Drilling Depth of No. Casing Gravity | Type of 
Wells | Production Strings of Oil | Tool Used 
TEXAS | | 
INNIS 5, a 22 hia a el ure waleacoee kod 40 38 7 21 3500-3700 2 40 Rotary 
ee | BEER EEOT TEE eer 34 19 6 16 1554-2900 2 22 Rotary 
I 9 suis apdia de sake.e dee msib ec : 24 24 } 16 46 3675-4377 2 and 3 32-36 Rot.-Cab. 
RE Pere er ree ere 34 31 12 51 1700-3900 2 40 Rotary 
Refugio County....... pioticheg Sones wena 4 4 2 4 4900-5900 2 38 Rotary 
EET CCE ETT 20 17 : 7 3922-5878 2or3 21-54 Rotary 
eR oc hdeeeenne cane oesrh 27 27 9 54 3730-3935 2 42-43 Rot.-Cab. 
OKLAHOMA 
CO ee ere ere 13 9 3 6 1800-4488 2 or3 38 Rotary 
KANSAS é 
en ee STEER CeCe 22 20 5 10 2926-3435 2 and 5 32-37 Rot.-Cab. 
IS ne: Saxe we rd ato Ao sales nian. Suara > 11 s 7 13 3222-4085 2and 5 42-48 Rot.-Cab. 
Barton County............. 25 24 7 21 3290-3518 2 39-42 Rot.-Cab. 
ILLINOIS 
Central Illinois.................000005 322 249 250 99 1425-4100 2 36-38 Rot.-Cab. 
New Mexico 
OS EEE eee ee eee 25 21 14 46 3150-4030 3 30-34 Rot.-Cab. 
CALIFORNIA 
OSES NES eer rrr ae eee 0 0 1 8 8300-8730 3 or 4 40 Rotary 
ELL ETT Oe Te 14 14 9 12 3500-4000 2 and 3 18-20 Rotary 
Field Activities by States for November, 1940 
STATE Completions _ ~ Producers _ Locations Rigs Drilling Wells Production, 1939 
Nov ember Oc tober Nov ember October |1N Nov ember October | November "nteber November October (In Barrels) 
ee PCE eT 13 12 10 8 | 11 14 4 5 29 26 21,266,994 
SP ere 87 105 79 95 68 167 83 90 176 171 224,336,682 
Oe oe 0 Sana'a iene nae 2 2 30 26 1,402,599 
ais eee ove eae aes 3% 23 281 249 213 340 415 250 256 99 101 92,915,620 
OS RP ere te 65 56 39 40 Vere 12 15 75 77 1,426,000 
Kansas. . 185 180 148 135 158 212 30 35 220 234 59,952,340 
Kentucky . Phen iecanie wear @NbCood 42 41 23 22 — 9 10 85 88 5,611,500 
Louisiana. eee 156 137 108 117 142 154 28 32 204 165 94,110,736 
Mic higan.. tale 58 ss mold uiigra hash 91 102 40 56 70 126 29 34 137 148 23,185,203 
Mississippi....... 22 20 16 10 ca Sita 6 11 34 38 102,918 
DE cece reuen ees 20 30 20 26 — - 8 10 66 50 5,901,058 
Nebraska............. 11 be 9 Paes 15 see 6 sae 24 ae 37,453,117 
New Mexico.......... 41 41 33 31 38 39 20 24 103 122 5,105,000 
New York.. ‘ 71* 74* 70* 71* ie re 12 11 62 64 3,157,500 
A Pee eee 159 130 127 85 wavte sees 52 50 180 173 156,421,939 
CCRT ee 200 172 153 120 190 182 39 40 266 251 17,342,500 
Pennsylvania....... 124* 277* 107* 266* adas ead ie oe a we i eases 
ee re hoes * aes orcas eacaek 1 ee a dhe 485,847,999 
RE ce mace kone o% aa 743 753 570 556 726 1108 "350 354 1056 1101 . 500 
West Virgnina...... 70 40 54 34 és sie 23 24 151 141 21,408,478 
Wyoming. . | 10 16 9 15 ed 10 9 69 a Pere ee ora 
~ Total... | 2434 2467 1864 1900 | 1751 2445 | 973 1012 3066 3046 1,260,504 683 
“Includes water-intake and pressure wells. 
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Before installing the Nixon Gas-Lift 

System this well was making 50 bbls. of 

oil—now it’s making 118 bbls. on a one 
hour intermittent cycle. 


Typical Nixon Gas-Lift installation in 
New Mexico, where scores of these 
Systems are in operation. 





The cost of fluid-lifting has reached the 
lowest in the history of the industry... 
thanks to the installation and operating 
economy of the Nixon Surface Control 


Gas-Lift System. 


This System can be installed in any well, to 
lift fluid from any depth, in any volume. 
The original installation will produce a 
well from the beginning of artificial flow 


through the stripper stage to depletion. 


All equipment for controlling the flow is 
located on the surface. Any changes in the 
volume, changing from one flow level to 
another; variations in the frequency of flow 
periods, can all be made simply and quick- 


ly by the surface equipment. 


For complete facts about the efficiency and 
economy of the Nixon Surface Control Gas- 
Lift System, write your nearest Wilson 


Supply Company store or sales office. 








WILSON SUPPLY CO. 


1412 MAURY ST. OIL & GAS HOUSTON, TEXAS 


BRANCH STORES: 
EXCLUSIVE GULF COAST DISTRIBUTORS FOR: TEXAS: Gladewater; Barbers Hill; Bay City; 
Wilson-Snyder Pumps; American Cable Tru-Lay WE LL “s U ad a Li ES Monahans; Alice; Victoria, Corpus Christi. 
Preformed Wire Rope; Kewanee Boilers; Drift LOUISIANA: Rodessa; Lake Charles; New 
Meter, Jr.; Gray Swivel; Nixon Surface Control PO ep A. ee 
Gas Lift; Nixon True-Taper Slip and Spider: . SALES OFFICES: Tulsa, Okla.; Dallas, Texas. 
Bowen Pack-Off and Releasing Drill Pipe Over- Complete line of LOS ANGELES: Phone W.L.A. 3-4040. 
shot; Dougles Weight Indicator; Coffey Robot 


ae Hig my Fishing Tools and Service “— B. W. L: Neal Massey Engineering 
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Major Pipe Line Activities 





O transport natural gas from the Willow Slough, Sea 

Breeze, and Labelle gas fields of Texas to the 18-in. 
Goodrich main transmission line of the United Gas Pipe Line 
Company, connecting at a point en the outskirts of Beau- 
ment, construction of 16 miles of 8-in. and 3!'% miles of 
10-in. line is under way. 

Gas from these three fields will supplement the supply 
now coming from fields in northern Louisiana into the Port 
Arthur-Beaumont area. 

In addition to the lines being constructed, a 10-in. line 
has been leased from the Yount-Lee Pipe Line Company and 
converted from an oil line into a gas line. This line extends 
from Sea Breeze to within 2 miles of Beaumont. 


The Kaw Pipe Line Company has begun the laying of an 
8-in. pipe line from the Gorham pool, Russell County, 
Kansas, to the Bemis pool, Ellis County, a distance of 23 
miles, to handle production already developed in the Bemis 
pool and output expected in Phillips and Graham counties. 
The company expects to extend the line into Phillips County 
next spring. Cities Service Oil Company, one of the owners 
of the Kaw Pipe Line Company, already has developed pro- 
duction in that area. It also will be extended into Graham 
County if production there warrants. 

The new project will give the Bemis pool its second pipe- 
line outlet. Stanolind Pipe Line Company is serving the field 
at the present time. 


Cameron and Hidalgo counties, Texas, have granted rights- 
of-way to the W. R. Davis Company for construction of a 
pipe line from the Rincon field, Starr County, to the coast 
at Brownsville. The company already has under construction 
a 15-mile line to loading racks at Rio Grande City. 


W. R. Davis Company had announced plans for erecting 
a $2,000,000 refinery at Brownsville and a $500,000 recy- 
cling plant in the field prior to selling a half interest in the 
field to the Continental Oil Company. 


Socony-Vacuum Oil Company, Inc., has completed and is 
now operating the gasoline pipe line that connects its Buffalo, 
New York, refinery with distribution centers at Rochester, 
Syracuse, and other points in western New York. The main 
line consists of 180 miles of 6-in. pipe. O. C. Whitaker 
Company was the contractor. 


Stanolind Pipe Line Company has begun reconditioning 
its pipe line from Graford in Palo Pinto County to Mexia, 
in Limestone County, Texas. The line, approximately 160 
miles long, is of 8-in. pipe with 10-in. loops. 

Three crews of 75 men each, stationed at Graford, Hills- 
boro, and Mexia are working on the reconditioning. 

The line has not been used for five or six years inasmuch 
as the company has not shipped any crude oil north during 
that period. 

The north end of the line will tie into the company’s 
carrier running from Ranger northward through Oklahoma 
to Whiting, Indiana. The south end of the line will tie into 
the company’s line from the Gulf Coast of Texas. 
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Leonard Pipe Line Company has let a contract to H. L. 
Gentry Engineering Company for construction of a pipe 
line from the new Winterfield area, Clare County, Michigan, 
to the company’s Temple station. The main line will be 6 in., 
with laterals of smaller diameter pipe. At Temple the com- 
pany has pipe line and rail tanker outlets to Michigan re- 
fineries. 


The first direct pipe-line outlet from the Eola field, Louisi- 
ana, will be provided by the Standard Pipe Line Company. 
An 8-in., 32-mile line will be laid from the field to connect 
with the company’s main South Louisiana trunk system to 
Port Allen, across the Mississippi River from Baton Rouge. 


United Gas Pipe Line Company has completed a 12'2- 
mile, 8-in. gas line from Abbeville, Vermilion Parish, Louisi- 
ana, to a point near Milton, Louisiana, where it connects with 
the company’s main system. The work was done by the Latex 
Construction Company. 


Kittery Oil Company, Casper, Wyoming, has announced 
plans to lay a 4-in., 14-mile pipe line for repressuring opera- 
tions in the Bluff Creek, Cook, and other pools of western 
Shackelford County, Texas. The line will extend to the 
fields from Kittery Oil Company et al Henrick No. 1, A 
B & M survey, a gas well to the northwest that was com- 
pleted some time ago for 9,000,000 cu. ft. per day from a 
depth of 1600 ft. 


Dow Chemical Company and the Panhandle Eastern Pipe 
Line Company have entered into negotiations, which, if 
consummated, will greatly increase the natural gas supply to 
Dow’s Midland, Michigan, plant. The plant now purchases 
approximately 3,000,000 cu. ft. of gas per day from the 
Temple field, Michigan, but could increase its consumption 
to as much as 25,000,000 cu. ft., it is stated, if the gas were 
available at burner chemical-extraction rates. The nearest 
tie-in point to Midland on Panhandle Eastern’s Michigan gas- 
transmission line is 125 miles distant, which would necessi- 
tate the laying of a pipe line of that length. 


An 8-in. natural gas line has been completed from the 
White and Baker field, Pecos County, Texas, to Bakersfield 
in the eastern part of the county. The line extends from the 
lease of the Cardinal Oil Company to Bakersfield where the 
gas is taken by an existing pipe line and transported to the 
Pecos Valley Power and Light Company’s plant at Girvin 
and to McCamey in Upton County. 


Williams Brothers Corporation have begun the laying of 
a 46-mile, 8-in. pipe line for Sinclair Refining Company, 
Pipe Line Department, from Welch to Casper, Wyoming. 
G. A. Manuel is in charge as superintendent for the con- 
tractor. 

Williams Brothers Corporation also is constructing an 80- 
mile, 8-in. line for Magnolia Pipe Line Company between 
Lubbock and Seagraves in West Texas. 
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Activities in Refining 





Percent Refining Capacity Operated 


Western Division, 73.1 Percent 


Central Division, 77.6 Percent 


Eastern Division, 82.4 Percent 





LANS for the construction of a new-process solvent 
gant plant, said to be the first of its kind in the 
middle west, has been announced by R. C. Roberts, manager 
of the Shell Oil Company refinery at Wood River, Illinois. 
It will be the first plant ever to produce high solvency naph- 
thas and odorless cleaning solvents successfully from Mid- 
Continent crude oils, he states. 

The new plant, to be situated at Shell’s Wood River re- 
finery, will cost $550,000 and will go into operation early 
next summer. 

Its construction is being carried on separately from the 
$10,000,000 refinery expansion program announced early 
this year and now in its final stages at Wood River. 

Constantly increasing national defense demands and the 
kindred expansion of the building industry, one of the largest 
users of naphthas, are given by B. G. Symon, technical 
products manager for the Shell company, as the primary rea- 
sons behind the erection of the plant. 

« 

The Texas Company has put into operation a new catalytic 
polymerization unit at its Casper, Wyoming, refinery. The 
unit, which has a maximum throughput of 1,000,000 cu. ft. 
of gas per day, consists of a debutanizer, catalyst-filled re- 
actor tubes, and a conventional-type stabilizer. The Texas 
Company’s own engineering department erected the unit, 
which is a U.O.P. type poly plant. 

@ 

The name of the Wolverine-Empire Refining Company at 
Oil City, Pennsylvania, has been changed to Wolf’s Head Oil 
Refining Company, it has been announced by A. W. Scott, 
vice-president and secretary. The change in name was made, 
according to Scott, because of the public’s familiarity with 
the ‘““Wolf’s Head” brand of motor oils and aviation lubri- 
cants made by the company. It is felt that certain benefits 
will be derived as a result 


Plans have been announced for a third refinery in south- 
west Nebraska. It will be built at Falls City and will have 
a capacity of 2000 bbl. per day. The refinery, which will 
operate as the Falls City Oil and Refining Company, will 
specialize in the manufacture of tractor and Diesel fuels, 
cleaning solvents, and heavy heating oils. 

The men interested in the refinery are Curtis Flint and 
Lewis A. Foulger, both of Long Beach, California, and Robert 
C. Druesdon of Omaha, Nebraska. 


Mockley Petroleum Corporation’s butane-gasoline extrac- 
tion plant at Fry, Texas, suspended operations December 1, 
and part of the equipment will be moved to Eola, Louisiana, 
by the Anchor Gasoline Corporation. M. E. Mockley, owner 
of the plant, is a large stockholder in the Anchor firm. He 
built the plant in 1928 for Amerada Petroleum Corporation 
and took over its operation four years ago. In closing the 
plant he stated the supply of gas in the area was insufficient 
for its continued operation. 

About 50 miles of the gathering system in the Fry area 
will be taken up and well owners now served by the plant 
will use their gas for repressuring. 


The Texas Company will spend $1,000,000 to install 
equipment in its Los Angeles Harbor refinery for the manu- 
facture of 100-octane aviation gasoline, Torrey H. Webb, 
vice-president and general manager of the company, has 
announced. The equipment will be installed and ready to 
operate by March 1, 1941. The plant will be of the alkyla- 
tion type and will have a capacity of 13,600 gal. of base 
stock per day from which aviation gasoline will be blended. 




















of this familiarity. 

The company is one of Crude Runs to Stills, Gasoline, Gas and Fuel Oil Stocks The 1000-bbl. cracking 
the oldest, perhaps the old- Week Ended November 30, 1940 unit of the Roosevelt Oil 
est, Pennsylvania refinery A.P.I. Figures ‘ompany «; Ieas- 
<a operation having se (Figures in thousands of bbl. of 42 gal. each) a ager a 

» hi ant, Michigan, which was 
founded i 879 by ‘ Percent amace » Gow own 
ded in 1879 by A. L en Site Gun wel . damaged by fire several 
Confer under the name Potential Avg. Crude of Total Motor Total Gas weeks ago, has been placed 
Empire Oil Work DISTRICT Capacity Runsto Capacity Fuel and Fuel . 
-Mpire 1 orks. Reporting Stills Reporting Stocks Oil Stocks back on stream following 

* East Coast 100.0 553 86.0 17,409 28,994 repair. Straightrun units of 

' Appalachian 91.0 112 78.9 3,161 915 5000 bbl. daily capacity 

Warren Petroleum Cor- Ind., Ill., Ky. 90.2 552 82.4 13,709 8,767 rahe PREY: ee 
orati has c sleted it Okla., Kans., Mo. 76.9 262 81.1 6,541 3,689 were not damage y the 
poration 7 sant € “I its Inland Texas 59.6 112 67.1 Leet i fire and were returned to 
new natural gasoline plant Texas Gulf 89.2 852 89.2 2,563 167 me 
bn diene Maines tal Ib . Louisiana Gulf 97.6 118 73.8 2,520 3,576 stream within 48 hours. 
in the Salem field, Illinois, No. La. and Ark. 51.5 41 76.9 460 826 
the third such plant for Rocky Mountain 56.0 51 75.0 929 570 ® 
that area. The other two accion _ —- us — ae British American Oil 

86.2 3,17: 81.2 74,75 50, yale ; 
are owned by The Texas Estimated a Company is installing 
anv ; > ™ Unreported dui > : .. , 
Company and the Sun omer TOTAL equipment at its Calgary, 
flower Gasoline Company. U. S. NOV. 30, 1940 337 5,530 2,820 Canada, refinery for the 
ore ‘ _ © EST’ . 

The Warren plant is pro- an HOV. 23, 1940 3,510 80,284 152,830 production of 80-87-oc- 

‘1 ‘ U. S. B. of M. 3,510 80,100 154,000 ane : sats aan. 
ducing about 40,000 gal. I <2 ookane eae ae tane rating aviation gaso 

f doce d hi h NOV. 30, 1939 ’ ’ ° lj f A R | 
of products per day, whic ; ; ine for use in Roya 
include natural gasoline sEstimated U. 6. Bureau of Mines’ basis. Canadian Air Force train- 
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butane, and propane. ing operations in Alberta. 
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INGERSOLL-RAND COMPRESSORS IN THE NEW 


60,000,000 CFD RECYCLING PLANT 
or tHe GASOLINE PRODUCTION CORPORATION 





Other I-R Products for the Oil Industry include: Cameron Pumps, Gas and Oil Engines, Air and Gas Compressors, Condensers, Air Tools, Ett 





Atlanta 


AtGrapeland, Texas, the Gasoline ProductionCorporation 
is operating a new recycling and natural gasoline plant 
with unusual economy and efficiency. Although only 950 
hp of gas-engine-driven compressors are installed, this 
plant handles approximately 60,000,000 cu. ft. of gas 
per day. One compressor is a 650-hp Type LVG, and the 
other is a 300-hp Type X VG—both Ingersoll-Rand. 

Stripped high-pressure gas is compressed to 2400 lbs. 
for delivery to the sands. Suction to the compressors 
from the absorbers is 1850 lb. Both compressors have 
double-acting steel cylinders. 








Dallas 


LVG and XVG compressors are substantially built and 
conservatively rated for continuous, heavy-duty service. 
Among many outstanding advantages are the inherent 
reliability and simplicity of 4-cycle engine design. 

Correct compressor cylinders—too often taken for 
granted on engine-driven units—share importance equally 
with the driver. No comparable units are available today 
withas many cylinder sizes built foras many varied services. 

Ingersoll-Rand oil-field representatives are ready to 
help you with your compressor, pump or engine prob- 
lems. Call upon them at any time. 
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Estimating Availability of Natural Gas 
Reserves 


Judicious use of the back-pressure formula permits long-range 
forecast of open flow from any number of wells, even when 


situated in different fields 


By PAUL C. WHITE 


Associate Engineer, Federal Power Commission* 


ATURAL gas companies are fre- 

quently confronted with the 
problem of forecasting the future 
availability of gas reserves. Upon such 
forecasts are dependent the determina- 
tion of the useful life of present re- 
serves, the drilling programs for the 
immediate future, the required pur- 
chases of gas to supplement waning 
supplies, and the necessity of increas- 
ing compression facilities to meet sys- 
tem requirements. It is thus obvious 
that any forecast of availability of the 
reserves is of vital importance to the 
future operations and policies of gas 
companies. Because of the greater con- 
sideration and attention given to back- 
pressure tests in recent years, it is now 
possible to make availability studies 
based wholly upon such tests. 

Until the back-pressure method of 
determining the open-flow capacities 
had been perfected, there was no accu- 
rate method of estimating a gas well’s 
ability to produce under actual oper- 
ating conditions, except by comparing 
its performance with other wells or by 
experimental cut-and-try methods, 
which were wasteful of gas, harmful 
to the well, and never entirely satis- 
factory. 

During the last ten years numerous 
studies have been made to determine 
the relationship between back-pres- 


*The writer also was formerly Senior Engineer, 
Arkansas Department of Public Utilities. Any 
opinions expressed in this article are the author’s 
own and are not to be taken as methods ap- 
proved by or official expressions of the Federal 
Power Commission or the Arkansas Department 
of Public Utilities. 
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PAUL C. WHITE 


has been engaged in natural gas 
utility company regulation for seven 
years—As associate engineer for the 
Federal Power Commission during 
the last two years he has made 
numerous natural gas reserve esti- 
mates and gas production analyses 
throughout the United States—Prior 
to his association with the F.P.C. he 
was senior engineer of the Arkansas 
Department of Public Utilities and 
for more than five years was en- 
gaged in making estimates and 
analyses of gas reserves, production 
studies, and leasehold analyses of 
oil and gas fields in the Gulf Coast 
area—While with the Arkansas 
Commission his experience included 
all classes of utility regqulation—Be- 
fore he became engaged in regula- 
tory work he practiced general en- 
gineering and was employed by 
various oil and refining companies 
in the Gulf Coast oil and gas fields. 








sures and the rates-of-flow in the op- 
eration of natural-gas wells. 


The U. S. Bureau of Mines* in 
Monograph 7 expresses this relationship 


(e=¢ a") as a straight 


line plotted on logarithmic paper, the 
differences between the square of the 
absolute formation pressure and the 
squares of the absolute sand-face pres- 
sures being plotted against the rates of 
flow. That this relationship is rela- 
tively constant throughout the life of 
a gas well, provided the physical con- 
ditions remain the same, has been 
proved by numerous periodic back- 
pressure tests made on gas wells 
throughout the United States by gas 
companies, the U. S. Bureau of Mines, 
and many state conservation commis- 
sions. 

The U. S. Bureau of Mines in Mono- 
graph 7 sets out certain facts in regard 
to making availability studies, and the 
summating of pressure-flow curves of 
wells producing from the same sand, 
from which operating studies may be 
made. The purpose of this article is to 
expand these methods and offer refine- 
ments that may be utilized for inter- 
pretation of availability studies of gas 
reserves, using back-pressure tests as 
a basis. 

In an availability study of one or 
more wells producing from the same 
sand, or from different sands in the 
same field, or of wells located in a 
number of gas fields connected by an 


1A biblography is given at the conclusion of 
this article. 
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Fig. 1. Curve data plotted from Table | 
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integrated pipe-line system, it is neces- 
sary to know the ability of the gas 
reserve, or reserves, to produce during 
its economic life. This ability is ex- 
pressed in the case of a single well by 
a back-pressure test curve, or it may 
be expressed for more than one well 
or fields by a composite back-pressure 
curve representing the pressure-flow 
rate-of-decline of all the wells under 
consideration. 


In the past a composite curve repre- 
senting the behavior of more than one 
well producing from the same sand has 
been determined by using an arith- 
metical average for ascertaining the 
pressure-flow rate-of-decline, and the 
arithmetical average of bottom-hole 
pressures has been used for calculating 
the pressure-factor. This is obviously 
erroneous because it is predicated upon 
an equal rate-of-decline for each gas 
well regardless of its ability to produce 
gas. 

To overcome the errors reflected in 
a composite back-pressure curve de- 
termined by arithmetical averages, it 
is necessary to construct one that will 
reflect the many inconsistencies preva- 
lent, and give each well its proper 
weight based upon its ability to pro- 
duce. 

A composite back-pressure curve 
representing a number of wells pro- 








TABLE | 
Derivation of functional values from back-pressure open-flow tests for a group of gas wells producing from the same field sand 
(Atmospheric pressure 14.4 lb. per sq. in.) 
Field No. | 
(A) 
Absolute open-flow | Shut-in f rmation Absolute back- Absolute shut-in | Absolute formation Pressure factor Exponent Ccefficient 
Well no. capacity, pressure, pressure formation presstre | pressure squared (p2 p?) pressure-flow pressure vs. flow 
M. eu. ft. Ib. per sq. in. (P.) ”*) (7) ' “? rate of decline (C) 
(Q) gauge ¥ f (n) 
1 21,467 1,492 4 1,506.4 2,269,241 2,269,034 0.96569 15.63 
2 9,463 1,601 14.4 1,615.4 2,609,517 2,609,310 0.55431 2,625.94 
3 30,678 1,385 14.4 1,399.4 1,958,320 1,958,113 0.67451 1,749.52 
4 15,843 1,501 14.4 1,515.4 2'296,437 2,296,230 0.80978 111.87 
(B) 
Absolute M. cu. ft. flow at M. cu. ft. weighted flow at Absolute Abs. open-flow 
Wellno. | open-flow Percent of | | formation | X abs. forma- | Pressure factor Exponent Coefficient 
| capacity, total O. F. Pressure Pressure | Pressure Pressure pressure tion pressure (p2 p?) | (n) (C) 
| M. eu. ft. factor | factor | factor factor | (Pp) | (QXP,) {fs ad 
| @ | 100,000 | 1,000,000 | 100,000 | 1,000,000 | | 
“1 | onae7 | 27.72 | 1,053 | 9730 | 292 | 2,697 1,506.4 32,337,889 2,269,034 0.96569 15.63 
2 9,463 | 12.22 1,552 5,561 190 680 1,615.4 15,286,530 2,609,310 0.55431 2,625.94 
3 30,678 39.61 4,125 19,498 1,634 7,723 1,399.4 42,930,793 1,958,113 0.67451 1,749.52 
4 15,843 20.45 1,252 8,080 256 1,652 1,515.4 24,008,482 2,296,230 0.80978 111.87 
Total.....| 77,451 100.00 2,372 12,752 6,036.6 114,563,694 0.73046 we 
Average... | 18,978 | 8,132 43,718 1,479.2 ei 2,187,825 0.73046 1,810.93 
(C) 
Values at 500 M. cu. ft. abandonment flow 
Absolute forma- Future Gas reserves X 
Well no. Pressure factor en Absolute fcrma- recoverable —_|abs. abandonment 
(p2 p?) squared tion pressure gas reserves, formation 
square 4 
{ ‘s 2 (Py) M. cu. ft. pressure 
(PF ) | | 
‘“ in ——= ™ - | 
1 46,246 46,453 215.5 3,112,000 | 670,636,000 | 
2 12,911 13,118 114.5 2,600,000 297,700,000 | 
3 4,382 4,589 } 67.7 | 5,306,000 359,216,200 | 
4 32,185 | 32,392 180.0 | 3,782,000 680,760,000 
— _ aaieaees | — | as . ne — ne 
Total... are | 14,800,000 2,008,312,200 
Average 18,207 18,414 135.7 aryutelamme ia Misteceit 
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ducing from the same sand can be con- 
structed from (1) the weighted aver- 
age absolute formation pressure, (2) 
the total absolute open-flow capacity, 
(3) the weighted average pressure- 
flow curve, and (4) the weighted av- 
erage absolute formation abandonment 
pressure. 

These four functional values make 
it possible to forecast the decline of 
ability of the wells to produce gas dur- 
ing the depletion of the recoverable 
gas reserves. 


Derivation of Functional Values 


Before determining the functional 
values it is necessary to have complete 
back-pressure open-flow test data. The 
following description of derivations 
considers any number of gas wells 
producing from the same sand: 

1. The weighted average abso- 
lute formation pressure. This is an 
average pressure of the gas reserves, 
underlying the wells, based upon the 
ability of the wells to produce gas. 

It is determined by weighting each 
well’s absolute open-flow capacity with 
its corresponding absolute formation 
pressure to obtain a weighted average 
formation pressure. By obtaining an 
average pressure in this manner, the 
flowing ability of each well is taken 
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Fig. 3. Decline of availability in future years plotted from Table 4 





into consideration, and an average 
pressure versus flow relationship is 
established. 

For the purpose of availability 
studies this method produces more ac- 
curate results than by using average 
pressures determined by isobaring the 
areas, or arithmetical averages, as the 
prime purpose of the study is to an- 
alyze the flowing ability of the wells. 

2. The total absolute open-flow 
capacity. This is a total of all abso- 
lute open-flow capacities of the wells 





Fig. 2. Curve data plotted from Table 2 
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being studied. These flows are taken 
from the back-pressure test data and 
represent the maximum open-flow ca- 
pacity of each well under one atmos- 
phere of pressure at the sand face. 
These are identical to the open-flows 
used in the determination of “weighted 
average absolute formation pressure.” 

3. The weighted average pres- 
sure-flow curve. This is a weighted 
average pressure-flow straight-line 
curve, plotted on multi-cycle logarith- 
mic paper, representing the average 
rate-of-decline relationship of the dif- 
ference of the squares of the absolute 
formation pressure and the absolute 
back-pressure to the total absolute 
open-flow capacity of all wells. This 
composite curve represents a forecast 
of the rate-of-decline of pressure-flow 
that is anticipated in the future as 
the wells deplete the reserves. 

In determining this composite curve 
the first step is to compute a rate-of- 
decline, or (n) value, which will rep- 
resent an average of the (n) values 
expressed by the back-pressure tests 
on all wells. 

To do this by taking an arithmetical 
average, either directly, or by using 
selected pressure-factors would not 
give an accurate answer, as an average 
so determined would not express the 
relative difference of open-flow proved 
by the back-pressure tests. 

This ability to produce may be taken 
into consideration in computing the 
average (n) value by weighting each 
back-pressure test curve with its cor- 
responding absolute open-flow capac- 
ity. The following procedure will ob- 
tain this result: 


After plotting the back-pressure 
open-flow tests of the wells on loga- 
rithmic paper, select two pressure- 
factor ordinates of wide difference, 
such as 100,000 and 1,000,000 and 
ascertain the two corresponding flow 
values for each well. Determine the 
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percent that each well’s absolute open- 
flow is to the total absolute open-flow 
of all the wells, and take this percent- 
age of the above flow values and sum- 
mate the results. These two sums 
versus the two selected pressure-factor 
values represent a weighted average 
(n) value of all the back-pressure 
tests, and its trigonometric function 
may be easily computed. 

Now that the weighted average (n) 
value, or rate-of-decline, has been as- 
certained, the next step is to draw the 
weighted average pressure-flow curve. 
This is done by plotting the weighted 
average current pressure-factor against 
the total absolute open-flow capacity 
and projecting the weighted average 
(n) value, or rate-of-decline through 
this point. This may be drawn me- 
chanically, or computed exactly, de- 
pending upon the accuracy desired. 


4. The weighted average abso- 
lute formation abandonment pres- 
sure. This represents the abandonment 
pressure that the average gas well will 
have reached when it has produced its 
proportionate part of the total esti- 
mated recoverable gas reserve. When 
plotted on the weighted average pres- 
sure-flow curve, this point represents 
the depletion of all gas reserves. 


In the past it has been customary 


for engineers and geologists in estimat- 
ing natural gas reserves to estimate or 
assume an abandonment pressure for 
gas wells and base their calculations 
upon the recovery of the reserves be- 
fore the wells have declined to that 
pressure. This estimated abandonment 
pressure has been arbitrary, and be- 
cause in actual operations no two wells 
are identical, it has often been seriously 
in error. In practice, however, the 
abandonment pressure of a well is not 
so dependent upon the actual pressure, 
but upon the ability of the well to 
produce gas. 

Therefore it is necessary to study 
the operations of the company to de- 
termine the average abandonment flow. 

After the abandonment flow is as- 
certained, a study of the individual 
well back-pressure test curves makes it 
possible to determine the expected ab- 
solute formation pressure when the de- 
cline of open-flow has reached an un- 
economic limit. 

As it is very improbable that all the 
wells being studied will be abandoned 
at the same time, the gas reserves 
underlying each well constitute the 
best measure for weighting the abso- 
lute abandonment pressure of each 
well to obtain a weighted average ab- 
solute formation abandonment pres- 





sure. This value converted to a pres- 
sure-factor may be plotted on the 
composite curve representing all the 
wells. 

In the foregoing explanation of the 
derivation of the four functional val- 
ues the discussion has applied to the 
development of these values for any 
number of wells producing from the 
same sand. In making an analysis of 
wells producing from more than one 
sand or from more than one field, the 
above procedure would be followed 
for the wells producing from each 
sand. After this has been done, the 
resulting functional values obtained 
for each sand can be considered as 
one well, and a duplication of the 
foregoing procedure would bring all 
the sands into a final composite curve 
representing all the wells in all the 
fields under consideration. 

Often in considering partly devel- 
oped fields it is desirable to include 
future wells and their anticipated gas 
reserves in the study. The best estimate 
of the operating ability of these future 
wells is the weighted average values 
obtained from back-pressure tests on 
existing wells producing from the same 
sand. This is automatically obtained 
from the foregoing derivation of func- 
tional values, and the average equiva- 























































































































TABLE 2 
Derivation of functional values for a group of gas fields based upon weighted average pressure-flow curves of individual fields 
(Atmospheric pressure 14.4 Ib. per sq. in.) 
(A) 
Ba Weighted average! . sl ee 
Total absolute Weighted average! |Weighted average| Weighted average| Weighted average 
open-flow Weighted average} Absolute back- | shut-in absolute ’| a | pons factor | exponent-pres- | coefficient-pres- 
Field no. No. of wells capacity, shutein formation pressure formation pressure aren 2 p2 sure flow rate sure vs. flow 
M. cu. f P.) P,) owe (P7—Ps) i 
M. cu. ft. (Q) pressure A ( 2 9 ; "s of decline 
(P ) | (n) 
shisusdiieetel | anal = 
1 4 77,451 | 1,464.8 14.4 1,479.2 2,188,033 | 2,187,825 0.73046 | 1,810.93 
2 10 142,980 928.7 14.4 | 943.1 889,438 889,230 0.98422 199.59 
3 6 26,461 | 589.4 14.4 603.8 364,574 | 364,367 0.61121 | 10,552.09 
\ | 
(B) 
Total abs M. cu. ft. flow at M. cu. ft. weighted flow at Absolute | weighted 
: open-flow a ee Absolute pes “4 ene Weighted Weighted 
Field no. No. of capacity, Percent of Pressure Pressure Pressure Pressure formation * = > na pressure average average 
wells M. cu. ft. total O. F. factor factor factor factor pressure no factor exponent | coefficient 
(Q) 100,000 1,000,000 100,000 1,000,000 (Pp) fQxP ) (P?_p?)) (n) (C) 
| f . * 
1 | 4 77,451 | 31.37 8,132 43,718 | 2,551 13,714 1,479.2 114,565,519 2,187,825 0.73046 1,810.93 
2 | 10 142,980 | 57.91 16,643 160,494 9,638 92,942 943.1 134,844,438 889,230 0.98422 199.59 
3 6 26,461 10.72 j 49,045 | 1,287 5,258 603.8 15,977,152 364,367 0.61121 10,552.09 
i ee val 246,892 100.00 | 13,476 111,914 3,026.1 265,387,109 |. .).0UlC SOOO 
PR swnscccl osencans ey | eesesees | 26,037 216,228 ae ee | 1,155,203 | 0.91933 | 659.07 
| | 
(C) 
Weighted average values at 500 M. cu. ft. 
: abandonment flow Future recover- | Gas reserves X 
— ~ “4 Rectiaiiitehien Abs. sno hie: Geaeeattin able gas reserves, |abs. abandonment 
" pressure squar pressure . cu. ft. formation 
PF) PF) (Pp) — 
: Z 18,207 sees 135.7 14,800,000 2,008,360,000 
A . 179.5 23,575,000 4,231,712,500 
3 6 11,600 11,807 108.7 9,030,000 981,561,000 
| — — — 
| Total....... ea Le eer Ere ane 47,405,000 7,221,633,500 
Average...... 22,988 23,195 OS RS BA Re, Renee 
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TABLE 3 
Basic data for determining availability of gas reserves 
(As of December 31, 1939) 
1. Functional values from Table 2 
Weighted average absolute — NIN a ods vba alow pike aae hv ean wu ee eee 9 Ib. 
error rrertrr rr rrr tere” 246,892 it eu ft. 
Weighted average pressure-' oe anes ED Gade ctikicrsssenteve nei bate vesewiuleenee’ 19330 
Weighted average pressure vs. flow coefficient (C).......... 2... c cece ccc cc cc ccecececescccncvene 0590.07 
2. Conservation production allowable, percent of total absolute open-flow capacity.................. 25 percent 
3. Forecast of production requirements for future years 
"1940... pred iee SAHRA CNS Sha NUM DE Shaakes ts Ukecesas Ts enaeeeAGuseasnt 3,121,000 M. cu. ft. 
apni cae tcnd so atk Seka SA Se Seda wses po ebeKenbeleds IAdeeaneaaeeRaleeye . 3,814,000 M. cu. ft. 
RE igo: Dina peeaeuanadare iG iiaseaeded TeUS A ae k ee ni saehemee ae eee eee 4,420,000 M. cu. ft. 
[A 000 OM Ae aco eins Ua aa man ew aeeee Gosden hance ameweenaronenhaein 4,942,000 M. cu. ft. 
MRD os ee 5 Sai. ee miaa bie cokeauane nnn faCeaune 5,100,000 M. cu. ft. 
4. Estimated recoverable gas reserves, as of Dec. 31, 1939 
ssa sc rc cacwinnaceavensdinceucediercuapsenscseesneseees¥an 14,800,000 M. cu. ft. 
; OS RR  eR nee Aree mer primer array rr es 23,575,000 M. cu. ft. 
a cviasin sh eecaeensehidsseaeSact siab reseed eeeeeaseie 9,030,000 M. cu. ft. 
| Oo sa ccduddcnukcnwersccsecst sane bpeneeewsbodseuksweaet 47,405,000 M. cu. ft. 
' 5. Total 24-hour peak demand anticipated in future years applicable to the production 
being studied........ DSA EERE EE PNR CERES Pee 30,000 M. cu. ft. 
| 
lent for each future well can be added for a sufficient number of years to 
into the study with its estimated gas _— deplete the total estimated recoverable 
. reserves. gas reserves. 
eat (3) An estimate of the recoverable 
Application gas reserves underlying the gas wells 


In addition to the four functional 
values represented by the weighted av- 


se 


as of the date of the study. 
(4) The total 24-hour gas system 


! erage pressure-flow curve depicting a _ peak load anticipated in future years 
: composite of all the wells, certain applicable to the production being 
, other basic data are necessary before studied. 
, proceeding with the availability study. With the above data known it is 
; These data, which are presumed to apparent that during the production 
; have been determined prior to the of the total recoverable gas reserves 
study are: the decline of the total present open- 
: (1) The maximum feasible 24-hour flow capacity will be commensurate 


withdrawal allowable by wells ex- 
pressed as a percent of the total abso- 
lute open-flow capacity of each well. 


(2) A forecast of anticipated fu- 
ture production in M. cu. ft. per year 


with the total weighted average pres- 
sure-flow curve between the limits of 
the current pressure-factor and the 
future abandonment pressure-factor. 
By plotting these values on multi- 


cycle logarithmic paper the decline of 
absolute open-flow capacities can be 
read directly, or computed, for any 
given decline of formation pressure. 


The forecast of annual decline of 
weighted average formation pressure 
can be readily determined by applying 
the total recoverable gas reserves to the 
net functional formation pressure to 
ascertain the pound decline per M. cu. 
ft. of gas produced. This per pound 
decline of pressure per M. cu. ft. pro- 
duced applied to each annual expected 
production gives the weighted average 
decline of formation pressure per year. 
By cumulating this annual decline of 
pressure and ascertaining each annual 
pressure-factor value, the expected 
total absolute open-flow capacity for 
future years can be read directly from 
the plotted curve, or computed mathe- 
matically. By applying the percentage 
of maximum 24-hour withdrawal to 
the expected annual absolute open-flow 
capacity the availability of the gas re- 
serves may be determined for any given 
future year. 


This availability may be plotted on 
coérdinate paper by plotting the 
weighted average availability against 
the corresponding future years. This 
curve will indicate the year that the 
reserves will fail to meet the 24-hour 
system peak demand. Additional 
studies may cause it to be adjusted to 
individual system capacity restrictions, 
or the addition of compression facili- 
ties in future years. 


Example 


The hypothetical example illustrated 
considers 20 gas wells located in three 
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Fig. 4. Forecast of annual production plotted from Table 4 
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percent that each well’s absolute open- 
flow is to the total absolute open-flow 
of all the wells, and take this percent- 
age of the above flow values and sum- 
mate the results. These two sums 
versus the two selected pressure-factor 
values represent a weighted average 
(n) value of all the back-pressure 
tests, and its trigonometric function 
may be easily computed. 

Now that the weighted average (n) 
value, or rate-of-decline, has been as- 
certained, the next step is to draw the 
weighted average pressure-flow curve. 
This is done by plotting the weighted 
average current pressure-factor against 
the total absolute open-flow capacity 
and projecting the weighted average 
(n) value, or rate-of-decline through 
this point. This may be drawn me- 
chanically, or computed exactly, de- 
pending upon the accuracy desired. 

4. The weighted average abso- 
lute formation abandonment pres- 
sure. This represents the abandonment 
pressure that the average gas well will 
have reached when it has produced its 
proportionate part of the total esti- 
mated recoverable gas reserve. When 
plotted on the weighted average pres- 
sure-flow curve, this point represents 
the depletion of all gas reserves. 


In the past it has been customary 


for engineers and geologists in estimat- 
ing natural gas reserves to estimate or 
assume an abandonment pressure for 
gas wells and base their calculations 
upon the recovery of the reserves be- 
fore the wells have declined to that 
pressure. This estimated abandonment 
pressure has been arbitrary, and be- 
cause in actual operations no two wells 
are identical, it has often been seriously 
in error. In practice, however, the 
abandonment pressure of a well is not 
so dependent upon the actual pressure, 
but upon the ability of the well to 
produce gas. 

Therefore it is necessary to study 
the operations of the company to de- 
termine the average abandonment flow. 

After the abandonment flow is as- 
certained, a study of the individual 
well back-pressure test curves makes it 
possible to determine the expected ab- 
solute formation pressure when the de- 
cline of open-flow has reached an un- 
economic limit. 

As it is very improbable that all the 
wells being studied will be abandoned 
at the same time, the gas reserves 
underlying each well constitute the 
best measure for weighting the abso- 
lute abandonment pressure of each 
well to obtain a weighted average ab- 
solute formation abandonment pres- 





sure. This value converted to a pres- 
sure-factor may be plotted on the 
composite curve representing all the 
wells. 

In the foregoing explanation of the 
derivation of the four functional val- 
ues the discussion has applied to the 
development of these values for any 
number of wells producing from the 
same sand. In making an analysis of 
wells producing from more than one 
sand or from more than one field, the 
above procedure would be followed 
for the wells producing from each 
sand. After this has been done, the 
resulting functional values obtained 
for each sand can be considered as 
one well, and a duplication of the 
foregoing procedure would bring all 
the sands into a final composite curve 
representing all the wells in all the 
fields under consideration. 

Often in considering partly devel- 
oped fields it is desirable to include 
future wells and their anticipated gas 
reserves in the study. The best estimate 
of the operating ability of these future 
wells is the weighted average values 
obtained from back-pressure tests on 
existing wells producing from the same 
sand. This is automatically obtained 
from the foregoing derivation of func- 
tional values, and the average equiva- 



















































































TABLE 2 
Derivation of functional values for a group of gas fields based upon weighted average pressure-flow curves of individual fields 
(Atmospheric pressure 14.4 lb. per sq. in.) 
_1A) 
| Weighted average|.. . b>, ae 
| | Total absolute Weighted average) a}.. |Weighted average| Weighted average) Weighted average 
fl Weighted dl Aten tet, | bsol absolute forma- age! fic; . 
' | ; open-flow eighte average) Absolute back- | shut-in absolute tion pressure | Pressure factor | exponent-pres- | coefficient-pres- 
Field no. No. of wells capacity, | Shutein formation | pressure formation pressure squared (P?_p?) sure flow rate sure vs. flow 
| M. cu. ft. (Q) pressure | (P (Ps) 2 f 8 of decline } (C 
| (Pf ) (n) 
1 | 4 | 77,451 | 1,464.8 | 14.4 1,479.2 | 2,188, 033 | 2,187,825 | 0.73046 | 1,810.93 
2 | 10 | 142,980 928.7 | 14.4 943.1 889,438 889,230 0.98422 | 199.59 
3 6 26,461 | 589.4 | 14.4 603.8 | 364,574 | 364,367 | 0.61121 10,552.09 
| | \ | | | 
(B) 
a —_— pice ~ =) a ™ 
| Tiles M. cu. ft. flowat | M. cu. ft. weighted flow at siete Weighted 
open-flow Absolute . “ol average Weighted Weighted 
Field no. No. of capacity, Percent of Pressure Pressure Pressure Pressure formation * — pressure average average 
| wells M. cu. ft. total O. F. | a factor factor factor pressure pony factor, exponent coefficient 
(Q) 1,000,000 | 100,000 | 1,000,000 (P,) yp.) 02 2) | @ | © 
__ | f (QXP,) | (PRPS | 
| 
1 4 | 77,451 | 31.37 8,132 43,718 2,551 13,714 | 1,479.2 114,565,519 | 2, 187,825 | 0.73046 1, 810. 93 
2 | 10 } 142,980 | 57.91 16,643 160,494 9,638 92,942 | 943.1 134,844,438 889,230 0.98422 199.59 
3 6 | 26,461 10.72 12,006 49,045 1,287 5,258 | 603.8 | 15,977,152 | 364,367 | 0.61121 10, 552. 09 
Total 66. | 246,892 | 100.00 | 13,476 | 111,914 3,026.1 265,387,109 , : 0.91933 — 
SS ete eRe | | 26,037 | 216,228 | 1,074.9 J oceeeeees | 1,155,203 0.91933 659.07 
(C) 
| Weighted average values at 500 M. cu. ft. | 
; abandonment flow Future recover- | Gas reserves X | 
— pened se : Abs. formation Bhs, tation able gas reserves, |abs. abandonment| 
essure factor | pressure squared - M. cu. ft. formation 
2 2 2 = pressure 
| (PtP) PF) (Pr) | 
| 1 4 18,207 18,414 135.7 14,800,000 2,008,360,000 | 
2 10 32,000 32,207 179. 5 23,575,000 4,231,712,500 
} 3 6 11,600 11,807 108.7 9,030,000 981,561,000 
Total. an ee ean een 47,405,000 7,221,633,500 | 
| Average. Riucces 22,988 23,195 152.3 | iduneneiieth el! Oren kin tak | 
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1. Functional values from Table 2 
Weighted average absolute formation pune. 
Total absolute open-flow capacity . . 





TABLE 3 


Basic data for determining availability of gas reserves 


(As of F December 31, 1939) 


Weighted average pressure-flow curve exponent (n) sere ALE ECT aL 0.919330 
Weighted average pressure vs. flow coefficient (C) 


2. Conservation production allowable, percent of total absolute open-flow capacity 


3. Forecast of production requirements for future years 
DE dine idk sry is Wore 8eens 4a kucdsesececssenbes 


INNS Siocon cat bieseeaudcearaeeesnnsd< 


4. Estimated recoverable gas reserves, as of Dec. 31, 1939 
ON err errr ree 
NS SS errr err ere 
I Nona co snceawsscgeesewev ene 

NN nes owe cue OeeRNRRReSS Re sunesnabed uemea wen 


sate eee tee Dee 9 lb. 

ieairecan conics ‘ (246, 92 Mt mo ft. 

OD Midvas Semin ce veda idsluveae wine ....- 659.07 
Fe uaiuubgateuesromad 25 percent 

Teddi Roda a alan dae ecen 3,121,000 M. cu. ft. 
Go ASA aS AS Dee h se auaenaked 3,814,000 M. cu. ft. 
RdanNeeaew ns acdassnveh see wawae .420,000 M. cu. ft. 
Pe G keds Renae eo ae Seana .942,000 M. cu. ft. 
PE RE ECE O ER e erp tee .5,100,000 M. cu. ft. 
Se Se Ee ee ey ree 14,800,000 M. cu. ft. 
TES ap ae kel mi eae 23,575,000 M. cu. ft. 
MRM GLE DAMA CESS oak Pau 9,030,000 M. cu. ft. 
47,405,000 M. cu. ft. 

Sepik eae 30,000 M. cu. ft. 


5. Total 24-hour peak demand anticipated in future years applicable to the homme 
I ices uukas seakwwe evi seeNeaen seis pen reate 








lent for each future well can be added 
into the study with its estimated gas 
reserves. 


Application 


In addition to the four functional 
values represented by the weighted av- 
erage pressure-flow curve depicting a 
composite of all the wells, certain 
other basic data are necessary before 
proceeding with the availability study. 
These data, which are presumed to 
have been determined prior to the 
study are: 


(1) The maximum feasible 24-hour 
withdrawal allowable by wells ex- 
pressed as a percent of the total abso- 
lute open-flow capacity of each well. 


(2) A forecast of anticipated fu- 
ture production in M. cu. ft. per year 


for a sufficient number of years to 
deplete the total estimated recoverable 
gas reserves. 

(3) An estimate of the recoverable 
gas reserves underlying the gas wells 
as of the date of the study. 

(4) The total 24-hour gas system 
peak load anticipated in future years 
applicable to the production being 
studied. 

With the above data known it is 
apparent that during the production 
of the total recoverable gas reserves 
the decline of the total present open- 
flow capacity will be commensurate 
with the total weighted average pres- 
sure-flow curve between the limits of 
the current pressure-factor and the 
future abandonment pressure-factor. 


By plotting these values on multi- 


cycle logarithmic paper the decline of 
absolute open-flow capacities can be 
read directly, or computed, for any 
given decline of formation pressure. 


The forecast of annual decline of 
weighted average formation pressure 
can be readily determined by applying 
the total recoverable gas reserves to the 
net functional formation pressure to 
ascertain the pound decline per M. cu. 
ft. of gas produced. This per pound 
decline of pressure per M. cu. ft. pro- 
duced applied to each annual expected 
production gives the weighted average 
decline of formation pressure per year. 
By cumulating this annual decline of 
pressure and ascertaining each annual 
pressure-factor value, the expected 
total absolute open-flow capacity for 
future years can be read directly from 
the plotted curve, or computed mathe- 
matically. By applying the percentage 
of maximum 24-hour withdrawal to 
the expected annual absolute open-flow 
capacity the availability of the gas re- 
serves may be determined for any given 
future year. 


This availability may be plotted on 
coérdinate paper by plotting the 
weighted average availability against 
the corresponding future years. This 
curve will indicate the year that the 
reserves will fail to meet the 24-hour 
system peak demand. Additional 
studies may cause it to be adjusted to 
individual system capacity restrictions, 
or the addition of compression facili- 
ties in future years. 


Example 


The hypothetical example illustrated 
considers 20 gas wells located in three 





Fig. 4. Forecast of annual production plotted from Table 4 
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separate gas fields, which are supplying 
an integrated pipe-line system. The 
operating problem is to determine at 
what future date the company’s pro- 
duction properties will fail to meet 
their production and system peak de- 
mand requirements, and to forecast 
what portion of their future produc- 
tion requirements can be met with 
their own properties after that date. 

Table 1 illustrates the calculation 
of functional values for Field No. 1, 
which contains four gas wells. Part 
(A) shows a tabulation of the results 
of a series of back-pressure open-flow 
tests made on the four wells in this 
field. Part (B) illustrates the deter- 
mination of the weighted average ab- 
solute formation pressure, the total 
absolute open-flow capacity, and the 
weighted average pressure-flow com- 
posite curve for the wells. Part (C) 
shows the determination of the 
weighted average absolute formation 
abandonment pressure. 

In Fig. 1 the back-pressure tests for 
the four wells in Field No. 1 are 
plotted on multi-cycle logarithmic 
paper and the resultant composite 
curve computed in Table 1 is also 
shown. This composite curve repre- 
sents the flowing behavior of the four 
wells from the date of the study to the 
depletion of the reserves underlying 
these wells. 

In Table 2 three fields are shown 
that have a total of 20 gas wells owned 
by the company. Part (A) is a tabu- 
lation of composite back-pressure 
curve values, each field tabulation rep- 
resenting the results of combining in- 
dividual well tests as illustrated in 
Table 1. In Parts (B) and (C) these 
composite curve values are considered 
as individual well back-pressure open- 
flow tests, as in Table 1, for the deter- 
mination of a composite curve repre- 
senting all three fields combined. 

In Fig. 2 the composite field back- 
pressure curves are plotted on multi- 
cycle logarithmic paper and the 
composite curve determined by the 
computations in Table 2 is also shown. 
This curve represents a total of all 20 
gas wells located in the three gas fields 
and it forecasts the rate of decline of 
open-flow capacity of these wells from 
the date of the study to the depletion 
of the estimated total recoverable gas 
reserves. 

In Table 3 the functional values are 
taken from Table 2, whereas the other 
basic data shown are predetermined 
from the records of the company. 

Table 4 shows the calculation of the 
availability of the gas reserves in fu- 
ture years based upon the functional 
values determined in Table 2, and the 
basic data shown in Table 3. 
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Fig. 3 shows the forecast of avail- 
ability in future years as calculated in 
Table 4 and shows that the company’s 
production property will fail to meet 
the anticipated future peak demand 
and production requirements in the 
year 1944, 


Fig. 4 shows the forecast of an- 
ticipated annual production require- 
ments taken from Table 3 and the 
anticipated annual production that the 
company may expect from its present 
wells as calculated in Table 4. This 
indicates the year the company may 
expect to make firm contracts for the 
purchase of gas and to what extent. 


Conclusions 


Although it is realized that back- 
pressure open-flow test curves are not 
perfectly constant year after year and 
sometimes change, the writer believes 
after analyzing hundreds of tests, that 
a series of tests reflects characteristic 
curves that are a very sound basis for 
making forecasts of the availability of 
gas reserves, and for analyzing produc- 
tion problems for the future. 

The example illustrated reflects only 
one of many analyses that may be de- 
termined through this procedure, such 





as anticipation of compression changes, 
future well drilling programs, and 
many similar problems that confront 
the production departments of all nat- 
ural gas companies. 
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TABLE 4 
Forecast of decline of availability—As of December 31, 1939 
(Atmospheric pressure 14.4 lb. per sq. in.) 
F Weighted Weighted Weighted Total Availability 
Year Total @ Anticipated average average average absolute —_of gas reserves, 
at recoverable annual formation absolute pressure open-flow M. cu. ft. per 
Dec. 31 | gas reserves, production, pressure formation factor capacity, 24 hr. (open- 
M. cu. ft. M. cu. ft. decline, Ib. | pressure, lb. (p2._p2) |(M. cu. tt. per | flow 25% 
per sq. in. f s ) 24 hr.) } 
1939 | 47,405,000 me : 1,074.9 1,155,203 246,896 61,724 
1940 44,284,000 3,121,000 60.7 1,014.2 | = 1,028,395 221,866 55,467 
1941 40,470,000 3,814,000 74.2 940.0 | 883,393 192,934 48,234 
1942 36,050,000 4,420,000 | 86.0 854.0 729,109 161,723 40,431 
1943 31,108,000 4,942,000 96.2 757.8 574,054 129,810 32,453 
1944 26,357,000 *4,751,000 92.5 665.3 442,417 102,165 25,541 
1945 22,628,000 3,729,000 72.6 592.7 351,086 82,603 20,651 
1946 19,613,000 3,015,000 58.7 534.0 | 284,949 68,181 17,045 
1947 17,125,000 2,488,000 48.4 485.6 235,600 57,245 | 14,311 
1948 15,030,000 2,095,000 40.8 444.8 197,640 48,707 | 12,177 
1949 13,252,000 1,778,000 34.6 410.2 168,057 41,961 | 10,490 
1950 11,721,000 1,531,000 29.8 380.4 144,497 36,521 9,130 
1951 10,388,000 1,333,000 25.9 354.5 125,463 32,074 8,019 
1952 9,214,000 1,174,000 | 22.8 331.7 | 109,818 28,377 7,094 
1953 8,200,000 1,014,000 19.7 312.0 97,137 25,350 | 6,338 
1954 7,275,000 925,000 18.0 294.0 86,229 22,721 =| 5,680 
1955 6,446,000 829,000 16.1 277.9 | 77,021 20,480 5,120 
1956 5,697,000 749,000 14.6 263.3 | 69,120 | 18,541 4,635 
1957 5,020,000 677,000 13.2 250.1 | 62,343 16,863 4,216 
1958 4,405,000 615,000 12.0 238.1 56,485 | 15,400 3,850 
1959 3,843,000 562,000 10.9 227.2 51,413 | 14,124 | 3,531 
1960 3,326,000 517,000 10.1 217.1 46,925 12,987 | 3,247 
1961 2,852,000 474,000 9.2 207.9 43,015 11,988 2,997 
1962 2,413,000 439,000 8.5 199.4 39,553 11,098 | 2,775 
1963 2,008,000 405,000 7.9 191.5 36,465 10,299 | 2,575 
1964 1,631,000 377,000 7.3 184.2 | 33,723 9,585 2,396 
1965 1,281,000 350,000 6.8 177.4 31,264 8,940 2,235 
1966 955,000 326,000 6.3 171.1 29,068 8,361 | 2,090 
1967 650,000 305,000 5.9 165.2 27,084 7,835 = | 1,959 
1968 363,000 287,000 5.6 159.6 25,265 7,350 | 1,838 
1969 95,000 268,000 5.2 154.4 23,632 6,912 | 1,728 
1970 Abandoned 95,000 2.1 152.3 | 22,988 6,598 | 1,650 
OS eee | 47,405,000 922.6 | | 
| | \ 
Functional values— 
Total estimated recoverable gas reserves as of December 31, 1939. . 47,405,000 M. cu. ft. 
Weighted average absolute formation pressure.......... 1,074.9 Ib. 
Weighted average absolute abandonment pressure......... 152.3 Ib. 
Net pounds—to deplete recoverable gas reserves............. 922.6 Ib. 
Pounds drop in formation pressure per M. cu. ft. gas produced ...... : 0.00001946208206 Ib. 
*Indicates year in which gas reserves failed to meet production requirements and peak demand requirements. 
After the company has failed to meet its production requirements it is estimated that the company will only be 
able to utilize an average of 40 percent of the January 1 daily availability. 
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Improved Construction 
Methods on Natural Gas 


Line To Milwaukee 





Many innovations in pipe-line con- 

struction are in use—all-welded 20-in. 

line is important extension of Texas- 
Chicago line 


By H. LEE FLOOD 


Associate Editor 


NASMUCH as pipeliners are re- 

sourceful by nature and tend to- 
ward inventive ingenuity, it is to be 
expected that on every job of any con- 
sequence one may see at least one inno- 
vation in use that represents a for- 
ward step beyond previous practice. 
But when one sees a pipe-line con- 
struction project on which not one, 
but literally a dozen or more excellent 
new ideas are being employed, then 
credit indeed must go to the organi- 
zation that is sponsoring the progres- 
sive attitude responsible for such an 
intensive display of thought and initi- 
ative. 

The project under discussion is the 
20-in. pipe line now under construc- 
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Surface of ground 








pipe 


Fig. |. Beveled ditch minimizes 
caving 











tion that will deliver natural gas to 
Milwaukee, Wisconsin. The 162-mile 
line is a lateral, in reality an extension, 
of the 24-in. pipe line by which Chi- 
cago, Illinois, and towns and cities ad- 
jacent to the route are served with 
natural gas transported from the Pan- 
handle fields of Texas. Owned and 
operated by the Natural Gas Pipeline 
Company of America, this longest, 
largest-diameter line has been in con- 
tinuous operation since the Fall of 
1931. The extension of service to Mil- 
waukee, the industrial center of Wis- 
consin, and so closely linked with Chi- 
cago, both geographically and com- 
mercially, represents a logical expan- 
sion of gas service that has been a part 
of the ultimate plan for the Chicago 
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line since its inception nearly 15 years 
ago. 

The new 20-in. lateral originates at 
the main line compressor station near 
Geneseo, Illinois, and extends over a 
more or less direct route to Milwau- 
kee, thus passing through the central 
portion of Illinois and providing 
natural gas to the many prosperous 
towns along the route. 


Close Attention to Detail 


Of the many interesting features to 
be observed in the construction 
methods employed on the Milwaukee 
line, it will be possible to mention 
only a few. 

Speaking generally, the outstanding 
feature, the keynote of the entire 
work, is the close attention and study 
that is given to every detailed opera- 
tion —all directed by the single 
thought of assembling the materials 
that enter into the completed line in 
such a way as to produce the best 
structure that it is possible to build. 


If space permitted, it would be in- 
teresting to describe the attention giv- 
en by company inspectors stationed at 
the pipe mill in Milwaukee to the 
methods by which the pipe is manu- 
factured. The methods by which this 
welded pipe is made would in them- 
selves warrant extensive description. 








Fig. 2. Care is taken to assure uni- 
form spacing between joints 
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Confining our attention to field 
methods, there is something of inter- 
est in virtually every operation from 
ditching to cleaning-up the backfill, 
with perhaps the most impressive point 
being the attention and care that is 
given to the protective coating—both 
in the manner in which it is applied 
and in guarding it against injury. 





Trenching Operations 


The pipe-line route from Geneseo to 
Milwaukee traverses rolling, open 
country in which relatively little 
right-of-waying is required. Typical 
of this rich farming region of the 
Middlewest, however, is the poorly- 
drained rich, acid soil that caves so 
easily and increases the difficulty of 
digging a firm pipe-line trench. 

The high water table in this region 
means that often water will be en- 
countered at pipe depth, aggravating 
the problem of keeping the ditch 
cleared of cavings. Several bogs and 
marshes have been crossed and here, as 
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Fig. 3. Cleaning and priming the 20-in. pipe 
































































































i e. 
Fig. 4. Enameled pipe issuing from 
coating machine 
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in other low areas, sand-pointing has 
been required in order to keep the 
water from entering the ditch. 

To offset the tendency of the trench 
walls to cave, the ditching machine 
has been equipped with cutting blades 
attached, one on each side of the 
trencher, so that a 45-deg. bevel is 
imparted to the top of each trench 
wall. Digging a 30-in. trench, the bev- 
eling blades widen the top to 48-in., 
thus materially reducing the amount 
of vertical wall subject to caving. This 
practice of beveling the ditch top is 
employed only where necessary. A 
sketch of the beveled trench is shown 
in Fig. 1. 

Specifying a minimum cover of 3/2 
ft. on the 20-in. line, the minimum 
depth of ditch is, therefore, 5 ft. 2 in. 
This depth is slightly in excess of 
usual practice but is believed necessary 
on the Milwaukee line because of the 
solid-welded construction and the 
deeper frost penetration. Elimination 
of extreme temperature variation is 
important when expansion and con- 
traction of the pipe is to be minimized. 


Welding, Bending, and Laying 
the Line 


Experiments were made when the 
work first started to determine wheth- 
er stove-pipe assembly would be satis- 
factory. Not entirely satisfied with the 
progress, the firing-line method has 


now supplanted stove-piping and is be- 
ing used exclusively. 


Of considerable interest is the fact 
that pipe of this size is being cold-bent 
successfully. Usually pipe as large as 


20-in. would be fire-bent by the aver- 


age contractor to avoid buckling. Rec- 
ognizing the inherent advantage of 
speed, cold-bending was tried and 


quickly developed into an extremely 
satisfactory method. When it is re- 
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called how much time is required to 
build a fire and heat the pipe to make 
a bend, the increased speed of cold- 
bending is obvious. Eliminated, too, is 
the danger of overheating the pipe 
and the uncertaintly of what effect 
the heat may have on the structure 
of the steel where the bend is made. 

In lining-up the pipe for tacking, a 
“stalk” of six 40-ft. joints is assem- 
bled, using a line-up clamp while three 
or four tack welds are made. Two 
types of clamps are in use—one the 
conventional type used on nearly every 
pipe-line job and the other being one 
that has been developed by company 
engineers since the Milwaukee line 
started. The latter clamp has the ad- 
vantage of being slightly flexible so 
that the two joint-ends to be tacked 
are brought into conformity with each 
other, even when the pipe is slightly 
out-of-round. 

Stressed particularly, as it should be, 
in the line-up operation is the impor- 
tance of providing a uniform spacing 
or gap between the two pipe joints. At 
the expense of possibly a few seconds 
more time on each line-up, a spring 
leaf (from an automobile) that has 
been ground-down on the end to the 
exact spacing desired, is inserted be- 
tween the joints as each tack is made. 
Some idea of the spacing may be 
gained from Fig. 2. 

Another example of the thought be- 
ing given to improve each detailed 
operation is the use of a non-spatter 
combustible lacquer to protect the 
surface of the beveled pipe edges. 
Coming from the pipe mills, as it does, 
without a mill prime coat, the rust 
film that formerly was present on the 
bevel required laborious and time-con- 
suming filing to restore the bright sur- 
face so essential for welding. Inquiry 
disclosed that a lacquer was available 
that can be applied before the pipe 
leaves the mill, thus protecting the 
bevel during shipment. The cost of 
applying the lacquer is relatively small, 
confined as it is to the joint ends only. 
Being combustible, the lacquer is 





burned off readily by the arc and being 
non-splatter, does not affect the weld- 
ing operation. 

Following the line-up crew closely 
are the roll-welders. Next, of course, 
comes the ditcher and then the pipe 
gang, picking up the 6-joint stalks 
and joining them to the line. This 
crew also makes the cold bends in 
whatever amount necessary to con- 
form to the profile of the trench bot- 
tom. 

In the welding operation, as in 
every phase of the work, may be 
found application of knowledge and 
experience gained during recent years 
of better ways of building pipe lines. 
On the Milwaukee line, the first 
or stringer bead is made with ;}5-in. 
electrode. In running the second bead 
using '%-in. electrode, an effort is 
made to lay-on as much metal as pos- 
sible, virtually supplying nearly all 
the metal required in the weld and 
substantially filling the “V” to almost 
flush with the pipe surface. The third 
bead, made with ,);-in. electrode, is 
then applied, more to normalize and 
refine the grain structure of the metal 
in the first and second beads rather 
than to lay-on additional metal. This 
does not mean that the metal of the 
third bead is wasted but it does indi- 
cate that greater value is placed on the 
heat derived from the third pass of the 
arc in its effect on the first two beads. 

Close attention is given to the heat 
(amperage) employed by individual 
welders, thus stressing the important 
fact that the correct heat to use 
depends on what the welder can 
“handle”. Exacting tests are made ini- 
tially in “qualifying” each welder’s 
work and frequent welds are cut out 
of the line as the work progresses and 
coupons are pulled to check the effi- 
ciency of the welds being obtained. 

Indicating that ingenuity often per- 
meates the entire pipe-line construction 
organization, one of the welders work- 
ing for the welding contractor has de- 
vised a simple device that insures a 
clean cut absolutely normal to the axis 








Fig. 5. Radio hung around inspector's neck (left foreground) amplifies 
arc of holiday detector 














of the pipe, when field-beveling is 
necessary. Borrowing the principle of 
the “roundabout”, which usually con- 
sists of a 6- to 10-in. width of heavy 
paper, gasket material, etc., the cut- 
ting torch is arranged so that its travel 
is guided by a wide leather belt that 
is strapped around the pipe to be bev- 
eled. This device has attracted so 
much attention that its designer has 
been persuaded to apply for a patent 
covering its use. 


Cleaning, Priming, and Painting 


Having established, by extensive in- 
spection over a period of ten years of 
the coating on the 24-in. main line, 
that a protective coating of the right 
type properly and carefully applied is 
definitely a profitable investment, it is 
to be expected that the company, in 
building the Milwaukee line, is taking 
every precaution to insure a good coat- 
ing job. Particularly, as it has been 
demonstrated that the difference be- 
tween a coating that protects the pipe 
and one that fails is usually attribu- 
table to the care with which it was 
applied. 

The cleaning and priming opera- 
tions are performed by a combination 
machine, of the self-propelled type 
that rides the pipe, first cleaning the 
pipe and then applying a coat of 
primer. In Fig. 3 is shown the tractor 
lifting the pipe to permit passage of 
the machine. The boom-equipped trac- 
tor is of special interest and will be 
described later. 

Close attention is given to the 
primer application, realizing that a 
coating is no better than the primer- 
pipe bond obtained. The amount of 
primer is controlled so that the thin- 
nest possible film will be obtained con- 
sistent with complete coverage. The 
machine does an excellent job of dis- 
tributing the primer, better than could 
be done manually. When welded pipe 
is used, as here, it is necessary to have 
a laborer follow the machine, touch- 
ing-up and brushing-out the surface 
adjacent to the longitudinal weld. 
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The mechanical coating and wrap- 
ping machine in use on the line is of 
the type that has gained such wide 
acceptance in the relatively short time 
it has been available. A close-up of 
the enameled pipe as it comes from the 
machine is shown in Fig. 4. The 
smooth, glass-like appearance of the 
coating is pretty fair visual evidence 
of the almost perfect coverage that is 
obtained when such a machine is used. 

Paint kettles are spotted ahead at 
intervals along the line and are 
brought slowly to pouring heat, 
with the heating timed so that, prefer- 
ably, the desired temperature is 
reached just as the paint is needed. 
Thermocouples and recording gauges 
have been installed on the kettles to 
give the kettleman and the paint in- 
spector a visual record, not only of the 
maximum temperature attained but of 
the rate of heating as well. This equip- 
ment has proved too sensitive and deli- 
cate for the rough service to which it 
is subjected and a more rugged instru- 
ment is to be devised. Pouring temper- 
ature is 475°F., resulting in a coating 
thickness of 7g to 3% in., depending 
upon the amount of cooling that 
occurs in the machine. 

The coating is spirally wrapped 
with kraft paper, applied while the 
paint is still warm. The principal pur- 
pose of the paper wrapping is to aid in 





Fig. 6. Hammock-like supports protect pipe coating from injury 













































distributing the enamel and obtaining 
a more uniform thickness by offset- 
ting the tendency of the enamel to 
flow downward around the pipe. In 
the summer, the paper would also 
serve to deflect the sun’s rays, not an 
important point during the winter 
months. In other words, the paper is 
considered as a construction expedient 
and not as a part of the permanent 
protection. 

Following behind the coating ma- 
chine comes the holiday detector crew, 
shown in Fig. 5. The man in the left 
foreground is the inspector in charge 
of the crew. It is interesting to note 
the small radio suspended by a cord 
around the inspector’s neck. This in- 
expensive, commercial set provides a 
means of amplifying the noise or static 
caused by the arc between the whis- 
kers and the pipe whenever a holiday 
is encountered, thus insuring that even 
the smallest arc will not pass undetect- 
ed. Only occasionally are holidays 
found on the pipe itself but almost 
without exception, the welds between 
pipe joints require extra attention, as 
the machine tends to wipe the welds 
and leave an inadequate layer of coat- 
ing. Each holiday is marked with 
crayon and a daubing crew repairs the 
void, being careful to remove the kraft 
paper so that the enamel will bond 
with the parent coating. 

A device that is a direct outgrowth 
of the ever-present desire to avoid 
damage to the protective coating is 
shown in Fig. 6. Instead of resting the 
coated pipe on skids directly, thus in- 
flicting injury to the coating by con- 
tact with a rigid, often rough surface, 
the pipe, after the coating machine has 
passed, is lowered onto these ham- 
mock-like supports. The men in the 
gang have dubbed these supports “lily 
pads”. The photograph shows the de- 
tails of construction clearly. The fab- 
ric is wide belting, clamped on both 
sides as shown. Here again, the pipe- 
liner’s faculty for improving past 
practice is demonstrated, inasmuch as 
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Fig. 8. Lowering-in sling with 
removable pin 
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this interesting device was designed by 
one of the company’s engineers and is 
being used on the Milwaukee line for 
the first time. It has proved so suc- 
cessful that patents have been applied 
for and it is planned to make these 
supports available for widespread use. 

Still another feature of interest, be- 
ing used on the Milwaukee line for the 
first time, is the sled shown in Fig. 7. 
Lined with metal from discarded 
enamel drums, this sled serves as a 
platform “high and dry” on which 
enamel may be chopped-up, ready for 
the paint kettle. The sides prevent the 
enamel chips flying in every direction 
and keep dirt and grass from getting 
into the kettle with the enamel. 


Lowering-In Operation 


As the line is raised, preparatory to 
lowering-in, a holiday detector is run 
over the pipe at each point where the 
pipe was resting on a “lily pad” thus 
providing a complete check of the en- 
tire pipe surface for holidays. 

Another innovation designed to pro- 
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tect the coating while lowering-in is 
shown in Fig. 8. It will be noted that 
the near end of the sling is equipped 
with a removable rod or bolt that may 
be slipped-out, releasing the metal stir- 
rup and leaving only the fabric belt- 
ing to be pulled under the pipe after 
it is resting in the ditch. 

As additional protection for the 
coating through gravel or rock sec- 
tions of the trench, wooden matting 
as shown in Fig. 9 is wrapped around 
the line. 

Through creek crossings and boggy 
sections, the line is weighted with 
1100-lb. river clamps spaced on 10- 
or 15-ft. centers, as required. All creek 
ercssings are multiple, a 12-in. line 
being laid parallel to the 20-in. As an 
additional safeguard against the line 
“floating” through bogs, 34-yd. con- 
crete blocks are poured around the line 
wherever this precaution is believed 
warranted. 


Construction Equipment 


Of the many interesting types of 
construction equipment assembled on 
the Milwaukee line, the machine that 
is attracting greatest attention is the 
boom-equipped tractor shown in Fig. 





Fig. 9. Wooden matting protects line 
through rocky sections 
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5, working with the cleaning machine. 
Aside from the fact that this is the 
first time a boom has been used in 
pipe-line work on a tractor as large as 
the D8 to which it is here attached, 
the design of the boom is such as to 
provide greater stability than is usual- 
ly found in this type of equipment. 
This factor of greater stability is be- 
lieved important enough to warrant 
including a sketch of the equipment 
showing the lifting capacity at vari- 
ous degrees of inclination of the boom. 
(See Fig. 10.) 
General 


While the Milwaukee-line construc- 
tion is being completed, the company 
is now busy planning the construction 
of a 26-in. line paralleling the 24-in. 
from Fritch, Texas, to Geneseo, IIli- 
nois. Construction on this project 
should begin early in 1941. The mag- 
nitude of the program should over- 
shadow any single project of recent 
years. 

Consequently, although the Mil- 
waukee lateral is an important job 
within itself, relatively it is minor to 
the work ahead. With this in mind, 
the Milwaukee line is being used as a 
proving ground for certain innova- 
tions and improvements, not even 
touched upon here, that should make 
the larger project of still greater in- 
terest from an engineering standpoint. 

Contractor on the south 100 mi. of 
the Milwaukee line is Dempsey-Wilson 
Construction Company, Tulsa, Okla- 
homa; on the north 62-mi., contractor 
is I. C. Little, Dallas, Texas. The weld- 
ing contractor on both schedules is H. 
C. Price Company. 
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Fig. 10. Lifting capacities of boom-equipped D8 tractor 
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(Photo by Wm. J. Viers) 


Aerial view of United Gas Pipe Line Company's Koran, Louisiana, gasoline plant 
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Absorption Gasoline Plant Processes Gas 





HE United Gas Pipe Line Com- 

pany’s new natural gasoline plant 
at Koran, Louisiana, is designed to 
process 60,000,000 cu. ft. of gas per 
day, being situated in a manner to 
take gas both from the Lake Bistineau 
and the Sligo fields. The former is 2 
miles distant and the Sligo field is 8 
miles from the plant. 

Wellhead pressure of 2000 Ib. per 
sq. in. is reduced at the well by choke 
to a plant operating pressure of 500 
lb., and separation of gasoline content 
from the gas is by the absorption 
method. 

Gas is gathered in the Lake Bis- 
tineau area by 6- and 8-in. lines and 
transported to the plant by an 8-in. 
line. In the Sligo field the gathering 
system is of 8- and 10-in. pipe and the 
main line to the plant is of 14-in. 

Upon arrival at the plant the gas is 
scrubbed, the inlet scrubbers on the 
line from Bistineau consisting of two 
36-in. diameter by 16-ft. units, and 
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Two complete steam systems are pro- 
vided, one for low-pressure, the other 
for high-pressure steam 
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on the Sligo line there is a single 48-in. 
diameter by 16-ft. scrubber. 

Gas is discharged from the scrub- 
bers to four 48-in. diameter by 34-ft. 
high absorbers, the stripped gas then 
passing to the 48-in. diameter by 12- 


ry ee 
a wae ” 
» ; — 


peice im 


. 


From Two Fields 


Lake Bistineau and Sligo, Louisiana, areas served by United's 
60,000,000 cu. ft. plant, operating at pressure of 500 lb. 


ft. high outlet scrubber, through the 
back-pressure regulator, which main- 
tains plant operating pressure, into 
two distribution lines. One line, a 
20-in., extends approximately 20 miles 
to Minden, Louisiana, where it con- 
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Inlet scrubber and strip separator 
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A group of raw drip tanks 
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nects with a line of the Arkansas Nat- 
ural Gas Company, which transports 
the gas to Sterlington. At that point 
it is picked-up by United’s own sys- 
tem and discharged to Jackson, Mis- 
sissippi. The other distribution line is 
an 8-in. that feeds into the system 
supplying the City of Shreveport with 
gas. 

Rich oil from the bottom of the ab- 
sorbers is discharged through the high- 
pressure vent tank, heat exchangers, 
and into the low-pressure vent tank. 
Vapors are flashed from the latter into 
the main still at a point above the 
liquid feed connection. Rich oil from 
the low-pressure vent tank passes 
through a preheater before entering 
the main still. The high-pressure vent 
tank is operated at a pressure of 225 
lb. per sq. in. and the low-pressure 
vent tank at 70 lb. The main still is 
operated at a pressure of 45 lb., a bot- 
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tom temperature of 340°F., and a 
top temperature of 215°F. 

Vapors from the top of the still are 
discharged through primary atmos- 
pheric condensers into a reflux dewat- 
ering tank. Reflux is pumped to the 
top of the still by two 6 by 4 by 6 
steam-driven reciprocating pumps. 
Water is drained from the bottom of 
the tank and excess reflux and vapors 
pass through final condensers and 
coolers to the stabilizer feed tank. 


The main still is 72 in. in diameter 
by 45 ft. high and has a capacity of 
540,000 gal. of rich oil per 24 hours. 
A pressure of 35 lb. per sq. in. is main- 
tained on the stabilizer feed tank, 
which is a 5-ft. by 17-ft. horizontal 
vessel elevated 4 ft. aboveground. An 
8 by 4 by 12 simplex reciprocating 
pump takes suction from this tank 
and discharges to the 36-in. diameter 
by 65-ft. stabilizing column where 
products ranging from 12 to 26 lb. 
Reid vapor pressure are made. Maxi- 
mum operating pressure of the stabi- 
lizer is 250 Ib. per sq. in., maximum 
top temperature is 160° F., varying 
with the product being made, and 
maximum bottom temperature is 
280° F. 


Products of 8- to 12-lb. Reid vapor 
pressure also are made in addition to 
the 12- to 26-lb. products. In proc- 
essing these less volatile products, 
drip from the inlet scrubbers passes 
to a 4 by 12 intermediate separator 
tank where the pressure is reduced 
from 225 lb. to atmosphere. The liquid 
passes first to three 1000-bbl. tanks 
where it is measured, then to a 5000- 
bbl. tank. It is picked-up from the 
latter by a 6 by 4 by 6 reciprocating 








Instrument board in main pump house 
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General view showing absorbers fief), reabsorber, still, pump house, stabilizer, 


drip still, elevated water tank ( 
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pump and fed into a 60-in. diameter 
by 42-ft. fractionating column. 

When the hot lean oil comes off the 
bottom of the main still it passes 
through three shell-and-tube heat ex- 
changers into a lean oil surge tank 
that floats on the suction of three 
10 by 7 by 10 steam-driven recipro- 
cating pumps. The latter act as low- 
pressure lean oil pumps and circulate 
the oil through the atmospheric cool- 
ing sections to the suction of the 
high-pressure oil pumps. These 14 by 
51% by 12 high-pressure oil pumps, of 
which there are four, feed to the ab- 
sorbers. 

Tankage at the plant consists of 
four 10-ft., 6-in. by 40-ft. vessels 
having a capacity of 24,000 gal. each; 
two 10-ft. by 30-ft. tanks of 18,000- 
gal. capacity each; one 7-ft. by 26-ft. 
tank having 800-gal. capacity; five 
7-ft., by 35-ft., 12,000-gal. capacity 
tanks, and two 500-bbl. vessels. 

The mineral-seal oil used in the 
manufacturing process is a product of 
the plant. Bottoms are taken from the 
first run of the drip still and rerun at 
a reduced pressure, the mineral-seal 
oil being made over the top of the 
column. For rerunning and recondi- 
tioning the lean oil a 5-ft. by 18-ft. 
stripping column that has a heating 
coil built in the bottom is connected 
to the main still. 

The cooling tower is a 6-bay unit 
of the atmospheric type and is 105 
ft. long and 54 ft. high. It is set on 
a concrete base that is 24 ft. wide. 
Each of the two centrifugal pumps 
for circulating water over the tower 
is driven by a 50-hp. steam turbine. 
Each pump has a capacity of 1800 
gal. of water per minute. 

Vapors from the drip separator 
tanks, high-pressure vent tank, and 
stabilizer feed tank are fed through 
a 48-in. diameter by 34-ft. reabsorber, 
operated at 25-lb. pressure, where they 
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ar right), and cooling tower in background 
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are contacted by lean oil circulated 
at a rate of 54 gal. per min. The lean 
gas is used as fuel. 

Two complete steam systems are pro- 
vided. Steam for the high-pressure 
system, used for heating, is generated 
by four 100-hp. oilfield type boilers 
operated at 250-lb. pressure. Low-pres- 
sure steam, used in processing and to 
drive the pumps, is generated in two 
150-hp. horizontal return tubular boil- 
ers operated at 150-lb. pressure. All 
plant exhaust steam is sent to an at- 
mospheric condenser where the oil is 
skimmed off before the water is fed 
to the boilers. Low-pressure boiler 
feedwater pumps consist of two 7 by 
4'% by 10 units and two 6 by 4 by 6 
pumps feed the high-pressure boilers. 

Fresh water and make-up water are 
supplied by two wells situated on the 
plant site. One well is flowed by air, 
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the other by gas-lift. One well is 
flowed into a 5000-gal. elevated tank. 
This is the fresh water supply. The 
other well is flowed into a pond. This 
is the make-up water. 

Buildings are of steel construction 
covered with galvanized corrugated 
iron. The main pump house is 30 ft. 
wide by 26 ft. long by 10 ft. high; 
the boiler house is 36 ft. wide by 66 
ft. long by 14 ft. high; the water 
pump house, 15 ft. wide by 20 ft. 
long by 8 ft. high; office and labora- 
tory building, 16 ft. by 24 ft. by 10 
ft., and the bath and warehouse build- 
ing, 12 ft. by 24 ft. by 10 ft. 

A 7'2-kw. steam-driven generator 
supplies sufficient electrical power for 
auxiliary lights at the plant. Power 
for lighting the dwellings is obtained 
from a commercial highline. 

At Elm Grove, about 7'% miles 
from the plant, is situated a 5-car 
loading rack with a 15-car spur. Fin- 
ished products are pumped to the rack 
through two 2-in. lines by three 10 
by 4'% by 10 duplex steam pumps. At 
the rack site there are two 10 by 40 
storage tanks, a 16-ft. by 20-ft. by 
10-ft. pump and compressor building, 
a 11-ft. by 16-ft. by 8-ft. laboratory 
building, and a 10-ft. by 24-ft. by 
20-ft. cypress cooling tower. Vapors 
from the tank cars are compressed by 
a 12 by 10 compressor belt-driven by 
a 60-hp. motor, and discharged 
through the cooling tower, and into 
the storage tanks. This equipment is 
all situated on the property of United’s 
Elm Grove compressor station. 

The Koran Gasoline Plant was 
erected by the construction depart- 
ment of the United Gas System. 





High-pressure oil pumps in main pump house 
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By 
ALEC M. CROWELL 


Director-Engineer, Arkansas 
Oil and Gas Commission 


Part I 


Practical Application of Planned 
OptimumjiRiate Proration 


Successful operation of state-supervised proration in the State 
of Arkansas results in equitable distribution of production 


HE subject of state regulation of 
oil and gas production has been 
intensively reviewed during the last 
year. Its merits and demerits were 
argued before a Federal Petroleum In- 
vestigating Committee.’ The record of 
these hearings consists of five volumes 
that comprise a history of proration 
and conservation of oil and gas as well 
as every phase of the industry. This 
record is available to the public. 
The motives underlying proration, 
the law and its administration, as ap- 
plied in Arkansas, were sanctioned* by 
this same committee as being the most 
advanced at that time, February, 1940. 


Case Record 


The long range proration-conserva- 
tion plan of the State of Arkansas was 
conceived by the industry prior to any 
enactment of law. Early in 1937 new 
production was found in the state 
after a period of some ten years dur- 
ing which reserves discovered as early 
as 1920 had definitely begun to dimin- 
ish. 

Having obtained this new produc- 
tion, the oil operators united to bring 
about the development and exploita- 
tion of these new reserves in accord- 
ance with the best petroleum produc- 
tion engineering practice. The then 
existent State Board of Conservation 
was petitioned to function as the ad- 
ministering agency. 





4Petroleum Investigating Committee; a sub- 
committee on Interstate Commerce functioning 
under House Resolution 290 


*Chairman William P. Cole, Jr., to Governor 
Carl E. Bailey of Arkansas, Page 955, part 3, of 
the record: ** if all of the oil producing states 
of this country had statutes as well drawn as the 
law of Arkansas, and were administering them 
so I understand to be the case in the major fields 
of your state, I do not think we would have as 
much reason to be here.”’ 
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From November, 1937, to April, 
1939, the policies recommended by the 
operators governed the spacing, drill- 
ing, and production of oil wells. The 
operators also bore the expenses of ad- 
ministration and upon their recom- 
mendation the required engineering 
personnel and equipment were ob- 
tained. 


With discovery of additional re- 
serves and the increased number of 
companies operating in Arkansas, it 
was apparent that the State should as- 
sume a greater degree of responsibility. 
Accordingly, during December, 1938, 
the State authorities, the oil public, 
and representatives of the industry 
drafted a model conservation-prora- 
tion statute. Almost without altera- 
tion this proposal became a law as 
Act 105 of the 1939 legislature* on 
February 20, 1939, and was put into 
effect on April 1, 1939. 

Inasmuch as the policies existing 
prior to the passage of the law were 
continued, the record can also include 
that earlier period. This article, then, 
in scope, is a brief case record of mod- 
ern proration practice. No claims are 
made that the system is perfect or that 
it is beyond improvement. The belief 
is, however, that progress has been 
made in the right direction and the 
basic plan is so constructed that im- 
provements in technique can be read- 
ily adopted when and as required. 


Law Important 


Although the original conservation 
association, as a codperative engineer- 
ing project, functioned without statu- 
tory authority, legal supervision is 





*See Appendix. 








ALEC M. CROWELL 


began his present connection with 
the Arkansas Oil and Gas Commis- 
sion in April, 1938—Immediately 
prior to that time he was success- 
ively chief gas engineer and super- 
visor of field engineering and re- 
search for a period of five years 
(1933-1938) for the Oil and Gas Di- 
vision of the Texas Railroad Com- 
mission — His first connection with 
the industry was as junior engineer 
with the Empire Oil and Refining 
Company in 1926 and was employed 
as engineer on that company’s prop- 
erties until late in 1930—Leaving the 
Empire, he was employed as pro- 
duction engineer with the Del Rey 
Oil Company of California. 











most important in a movement of this 
kind to insure continuation of benefits 
gained, both to the State and to the 
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industry. The statute enacted embodies 
all three requirements proved essen- 
tial by litigation: 

1. Protection of life and property 

2. Protection of correlative rights 

3. Protection against waste. 

The statute was designed to allow 
the use of all proved and established 
engineering principles as well as to 
provide for the use of advancement in 
this knowledge. To do this, it was 
believed that the administrative ma- 
chinery should have such flexibility 
and simplicity that the products of 
progress could be assimilated without 
confusion. 

Political Aspect 

Public opinion must of necessity 
govern the policies of any regulatory 
body, whether the body be appointed 
or elected; political interference is usu- 
ally greater in the elective body, obvi- 
ously. Taking this into account when 
the law was drafted, an appointive ad- 
ministrative agency was suggested and 
subsequently adopted. 

This agency in Arkansas is the Oil 
and Gas Commission, composed of 
seven members, experienced in the in- 
dustry, who have staggered six-year 
terms and are appointed by the Gov- 
ernor. The Governor is elected for a 
two-year term, while the Commission 
members are appointed so their terms 
will expire as follows: three each six 
years, two each four years, and two 
each two years. The advantages of this 
plan in a policy-making agency, when 
compared to others operating on dif- 
ferent bases, are more or less self-evi- 
dent. 

Administration 

It is provided that the policies of 
the Commission be fixed only after 
notice to all parties in interest and a 
public hearing, except in temporary 
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emergency. This procedure is manda- 
tory irrespective of the nature or mag- 
nitude of the policy change. 

Actual administration of the poli- 
cies of the Commission is the duty of 
the executive director, through pre- 
scribed channels. The personnel oper- 
ating the administrative machinery is 
chosen by the director, who must be 
experienced in petroleum practice, and 
the selected organization must be of 
an engineering nature. All employees 
of the Commission are selected on the 
basis of their qualifications, and po- 
litical activity of any nature is pro- 
hibited. Stability of the employment 
of the director and his staff should be 
thus assured. 


Optimum Rate Proration 
Proration as contemplated in this 
discussion is a little difficult of defini- 
tion. Conservation of oil and gas has 
evolved until now the two terms, pro- 
ration and conservation, are synony- 





mous. Prevention of aboveground 
waste did at one time cover the term 
“conservation.” Now, however, the 
prevention of such waste is for all 
practical purposes needless as the in- 
dustry has eradicated it through bet- 
ter housekeeping and advanced equip- 
ment. 

Proration, or restricted production, 
at one time simply meant the limit- 
ing of the production of oil and gas 
to market demand, and was a thing 
separate from conservation. Here, too, 
the industry has progressed, in that we 
now have the knowledge that properly 
restricted production of certain types 
of pools will result in the prevention 
of underground waste and provide in- 
creased ultimate recoveries. The mod- 
ern concept of conservation must, 
therefore, include this important new 
part of efficient production practice. 

Proration in the case under discus- 
sion is a pool-by-pool matter,* based 
upon six definite interrelated objec- 
tives and designated as “Optimum 
Rate Proration.” It is designed to: 

1. Prevent the drilling of unneces- 

sary wells in each pool; 

2. Provide for the ultimate in re- 
covery of oil and gas from each 
pool; 

3. Provide for the equitable shar- 
ing and most efficient use of the 
reservoir energy of each pool; 

4. Prevent, so far as possible, the 
migration of oil and gas across 





*Section 16A, Act 105: ‘‘Whenever the Com- 
mission limits the total amount of oil or gas 
which may be produced in this state, the limit so 
fixed shall not be less than the aggregate of the 
allowables fixed for each separate pool in this 
state for the prevention of waste..., plus the 
production from unrestricted pools, and it shall 
allocate or distribute the allowable so fixed 
among the separate pools. Such allocation or dis- 
tribution among the pools of the state shall be 
made on a reasonable basis, giving to each l 
with small wells of settled production, an allow- 
able production which will not accelerate or en- 
courage a general premature abandonment of 
the wells in the pool.”’ 
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property lines in each pool; 

5. Provide, so far as practicable, 
equity in the production of oil 
and gas from each pool, 

6. Prevent the unnecessary above- 
ground storing of oil produced 
from each pool. 

Perhaps the truer definition of op- 
timum rate proration would narrow to 
‘employment of engineering technique 
to the end that the output of each 
pool be restricted in such manner as 
most advantageously to make use of 
the inherent energy of each pool.” In- 
asmuch, however, as economics must 
enter into both the drilling of wells 
and producing rates, equity must be 
considered in distributing allowables 
to diverse owners of oil and gas in 
place, and other factors both simple 
and complex must be satisfied, we have 
taken the term to be broad enough to 
cover them all. 


Determination of Fractional Units 


With the fixing of a drilling unit 
for a pool and subsequent development 
on that basis, there comes a time when 
the limits of the pool can be defined 
from the subsurface information 
gained by drilling. As the drilling of 
dry holes to define the limits of an 
oil pool is becoming increasingly un- 
necessary, every effort is made to pre- 
vent the drilling of such wells. 

The operators are requested to file 
with the engineers of the Commission 
all pertinent data gained through cor- 
ing, core analysis, electrical logging, 
etc., on each well drilled. This infor- 
mation is posted progressively and 
from it there are constructed isopach 
maps of formations. As the limits of 
the pool are neared, the advisability of 
drilling edge wells upon full units is 
discussed by the engineers represent- 
ing the operators and the Commission. 

















Should it be indicated that there would 
be danger of drilling a dry hole in the 
center of the normal specified unit, a 
fractional unit is drilled after due 
hearing is held and the allowable is 
set commensurate with the size of the 
unit, in the manner already explained. 
This practice has prevented the drill- 
ing of many unnecessary wells of this 
second category, although in some in- 
stances it has been necessary to drill 
an adjoining fractional unit when the 
drilling operation of the unit well dis- 
closed the existence of more productive 
formation than prior data indicated. 
Even so, in a few instances the wells 
drilled have been non-productive. 


Integration of Interests 


When a specified unit comprises 
two or more separately owned tracts 
of land, it is required that such own- 
ership be embraced as a unit by inte- 
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gration. This unitization can be ac- 
complished by agreement or the Com- 
mission may so order it. Of the 367 
units now producing, only three have 
been integrated by order, and 76 have 
voluntarily been unitized. 

In the cases of the units integrated 
by the Commission, in accordance 
with the law, one operator was desig- 
nated to develop and operate the unit, 
and the other owners of production 
were charged their prorata part of the 
expense. The developing operator was 
compensated from the sale of first pro- 
duction. 

Unit operation of each pool is then 
possible by implementation. 


Greater Ultimate Recovery 


The second item in the list of six 
objectives is to “provide for the ulti- 
mate in recovery of oil and gas from 
each pool,” and we find the basis for 
this achievement in the first order sug- 
gested by the industry and issued by 
the State Board of Conservation on 
November 5, 1937. This fact-finding 
attitude was re-adopted by the present 
Oil and Gas Commission and is pro- 
vided for as follows: 

“The Board finds that the source of 
energy by which oil is produced is of 
special importance in any oil field. Oil 
movement through a common reser- 
voir is caused by a pressure differential 
existing between the well bore and 
intercommunicating parts of the pro- 
ducing formation in the reservoir. 
This pressure differential between vari- 
ous parts of the reservoir and the well 
bore may result from one of the fol- 
lowing two sources, or from both of 
them: 

“(a) Water Drive— Water con- 
tained in the same stratum or zone 
which is adjacent to an oil or gas de- 
posit is called ‘edge water,’ and the 
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force that this water imparts to the duction of oil and gas from each and 


oil or gas deposit is called ‘water drive.’ 
Where the volumetric withdrawals 
from a reservoir are greater than the 
encroachment of the edge water, the 
pressure of the reservoir decreases pro- 
portionately. Unless the edge water 
pressure or water drive is substantially 
controlled by uniform withdrawals 
from a common reservoir, water chan- 
neling and water coning will result in 
the trapping of oil and gas deposits 
which may never be recovered, thereby 
causing underground waste. 

“If the volumetric amounts of oil 
and gas withdrawals in the various 
pools having a water drive exceed the 
ability of the water to encroach, this 
condition will develop low-pressure 
areas in regions of greatest withdraw- 
als. A bottom-hole pressure factor in 
the formula governing production will, 
therefore, tend to correct the irregu- 
lar and uneven encroachment of water 
by depleting the reservoir pressure 
more uniformly. 


“(b) The Force of Expanding Gas 
—Either in solution or in contact with 
oil. The energy content of gas as 
measured by the gas pressure is one of 
the principal causes of oil movement 
through oil-bearing formations. The 
fundamental part which gas energy 
plays in its propulsive function in driv- 
ing oil within the reservoir toward the 
well bore and thus enabling it to be 
recovered, saved, and produced, is so 
well established that it is no longer 
questionable. 


“After hearing the testimony taken 
at various hearings and after consider- 
ation of the facts disclosed by such 
testimony, the facts ascertained by the 
Board from its own investigations, and 
from the investigation of its engineer- 
ing department, the Board finds that 
to minimize physical waste in the pro- 
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every oil pool, and to promote the 
greatest ultimate recovery of oil and 
gas from each pool, the daily oil al- 
lowable production should be allocated 
among the various oil wells producing 
oil in these pools on the basis of acre- 
age, bottom-hole pressure, and gas-oil 
ratio, which will cause a more uniform 
depletion of the reservoir and a greater 
ultimate yield of oil and gas there- 
from.” 

Undoubtedly, then, the Commission 
is concerned with (1) the welfare of 
the individual oil pool, (2) the main- 
tenance of stability of reservoir con- 
ditions by maintenance of reservoir 
pressure, and (3) the restriction and 
ratable production of the reservoir 
contents of each pool in order to ob- 
tain the ultimate in recovery. 


Optimum Reserves 


The restriction of the production 
from each pool, separately, to a rate 
that is the most efficient or optimum 
rate for the particular pool should re- 
sult in the economic building-up of 
substantial reserves for the future as 
new discoveries are added and the pres- 
ent pools are developed to their fullest 
extent. This has been the case, as illus- 
trated in Exhibit No. 1. 

Observation will show that at the 
beginning of 1937 the total reserves 
within the State of Arkansas were 
some 87 million barrels of oil, whereas 
on August 1, 1940, the reserves were 
estimated to be 294 million barrels. 
Accumulating production has main- 
tained an even trend upward that is 
more closely related to productive 
acreage developed than to reserves dis- 
covered. 

Of 11 pools under proration, only 
three are fully developed. Two addi- 
tional pools have only recently been 
discovered and are now operating un- 


der temporary rules but will not be 
placed on the scheduled list until 
further development has taken place. 
The search for other new production 
continues. 

The prospecting area of the state is 
small when compared to some of the 
other oil-producing states, and for that 
reason, if for no other, optimum re- 
serves are necessary to approach the 
stabilization required by economy. 

It has been estimated that without 
the discovery of a single new pool or 
the drilling of an additional well— 
even though both are decidedly un- 
likely—the reserves now proved are 
sufficient to maintain a normal deple- 
tion for the next 20 years and at that 
time leave approximately 35 million 
barrels of oil recoverable. This estima- 
tion is based, of course, on the as- 
sumption that optimum producing 
conditions will prevail during that 
time. 

Bottom-Hole Pressure 


Having established the basis for rel- 
atively wide uniform spacing, and 
rigidly adhering to the rule, necessa- 
rily, the question of acreage assignable 
to wells for proration purposes is set- 
tled. The next important factor men- 
tioned in the factual portion of the 
Commission’s basic proration order is 
bottom-hole pressure. 

The obtaining of bottom-hole pres- 
sure readings at some constant pre- 
scribed subsea depth in the majority 
of oil pools is a simple matter involv- 
ing only experience and manual labor. 
Correlating pressures are obtained pe- 
riodically for proration purposes. As 
proration of production to each unit 
in each pool makes use of the bottom- 
hole pressure factor by giving it full 
weight, and the change in bottom- 
hole pressure from schedule period to 
schedule period determines the output 
of each pool, then the periodic deter- 
mination of such pressures is most im- 
portant. 

Included with this discussion are 
five representative control charts, num- 
bered for identification as Exhibits 2 
to 6, inclusive, which illustrate the 
number of pressure observations in 
these pools with the correlative data 
necessary. 

The point-to-point line at the top 
of each chart represents the areally 
weighted bottom-hole pressure with 
the depth at which it was obtained 
shown on the legend to the left. The 
second line represents the average 
daily production of oil, and the third 
line the average operating gas-oil ratio. 
The two lines in the lower half of the 
chart represent cumulative wells and 
production, respectively. 

Epiror’s Note: This article will be 
concluded in an early issue. 
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A clear understanding of funda- 
mentals will definitely improve 
any operator’s value as an em- 
ployee and enhance his chances 


for advancement 





By ROY W. MACHEN 


Superintendent, Hamman Exploration Company 





EN who have been connected 

with gasoline plant operation 
and maintenance for any period of 
time have gradually accumulated a 
vocabulary and routine that make it 
possible for them to do their daily 
work. So far as actually understanding 
the terms, words, and phrases used in 
every-day plant conversation, there 
are many who haven’t the slightest 
idea as to their definition nor of the 
relationship that each bears to the 
other. 


Every day the chemist makes his 
rounds through the plant, taking sam- 
ples of this and that. Every two hours 
the stillman makes his trip around the 
plant taking readings of temperatures 
at various points and recording the 
pressures on certain vessels and lines. 
Quite often the question is asked as to 
the benefits derived from this sort of 
thing and unless the interrogator has 
some basic understanding of the theory 
of plant operation, his question is apt 
to be a hard one to answer. 

Plant operation is based on certain 
laws of physics and chemistry. A clear 
understanding of these underlying 
principles will definitely improve any 
operator’s knowledge of his job and 
therefore enhance his value as an em- 
ployee because of his ability to per- 
form his work more intelligently. 

The laws of physics and chemistry 
are not “technical.” They are not hard 
to understand. If they are expressed in 
clear, simple, concise English they can 
be made plain and understandable. 

Physics is that branch of science 
that deals with mechanics, heat, light, 
sound, and electricity; the properties 
of liquids, gases, and solids. 
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Chemistry is concerned chiefly with 
what results when two or more differ- 
ent kinds of matter are brought to- 
gether. Physics and chemistry overlap 
at many points and this overlapping 
domain is covered by a third science 
called Physical Chemistry. 


Units of Weight, Length, and Volume 


Aristotle is credited with the state- 
ment, “Science begins with Measure- 
ment.” All quantities involved in any 
physical or chemical phenomenon must 
be measured accurately. 


Measurement is essentially a com- 
parison. Any quantity measured is 
basically compared with another quan- 
tity of the same kind, or unit. 


Briefly, the units of measurement are 
classified under two systems: 


1. The English System of measure- 
ment used especially by the United 
States and Great Britain is called the 
foot-pound-second (F.P.S.) system. 
The unit of length is one foot; the 
unit of time, one second; the unit of 
weight or mass, one pound. 


2. The Metric System commonly 
used by other countries and by the 
United States and Great Britain in 
their scientific work is called the cen- 
timeter-gram-second (C.G.S.) system. 
The units of length, mass, and time 
are respectively the centimeter, gram, 
and second. The unit of volume is the 
cubic centimeter and because the units 
of measurement are related to each 
other by a ratio of 10, 100, 1000, etc., 
the Metric System is considered by 
many authorities to be superior to the 
English System. 

Nearly any handbook will give a 
number of tables of measurement and 
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numerous conversion factors by which 
quantities expressed in terms of one 
system can be converted into units of 
the other. 


States of Matter 


The most notable characteristic of 
different kinds of matter is the great 
difference in their ability to preserve 
their inherent shapes. The metals, for 
instance, change their forms usually 
only after great force has been brought 
to play on them. Such matter is said 
to be a solid. The characteristics of a 
solid are rigidity, resistance to com- 
pression, and resistance to expansion. 

Other bodies such as air or water 
have no permanent shape and tend to 
move under the action of very weak 
forces and assume the form of the ves- 
sel that contains them. Such bodies 
are commonly classed as fluids. 
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Fluids are divided into two groups, 
liquids and gases. A liquid is a fluid 
that resists compression, i.e., its volume 
changes but little under great pres- 
sure. A gas is a fluid that offers only 
slight resistance to compression, the 
volume changing in inverse proportion 
to the pressure, i.e., if a gas existing 
at 40 lb. per sq. in. (absolute) com- 
pletely filling a space of 100 cu. ft. is 
compressed to twice its original pres- 
sure, or 80 Ib. per sq. in. (absolute), 
the volume it occupies will be dimin- 
ished by one-half, or to 50 cu. ft. 

The temperature and pressure to 
which any substance is subjected deter- 
mines its state of matter. Water, for 
instance, if subjected to 32°F. tem- 
perature at atmospheric pressure be- 
comes a solid. Between 32° and 212°F., 
water is a liquid at atmospheric pres- 
sure. If the pressure is held constant 
at atmosphere and the temperature in- 
creased to 212°F. the water becomes 
a gas or vapor. 


Temperature 


There are two thermometer scales 
used commonly in the gasoline plant 
for the measure of temperature. The 
fahrenheit thermometer is used in the 
plant itself and the centigrade ther- 
mometer is used in the laboratory. A 
large number of plant laboratories use 
the fahrenheit thermometer consist- 
ently in the plant and laboratory and 
if at any time readings in centigrade 
are desired, they are obtained by con- 
version of the fahrenheit readings. To 
convert degrees fahrenheit to degrees 
centigrade, the following formula is 
used: 

Deg. C. = (°F. — 32) X 5/9 
To convert degrees centigrade to de- 
grees fahrenheit: 

Deg. F. = (°C. X 9/5) + 32 


Pressure 


Pressure is the force exerted by a 
body against a unit of area. A solid 
body will exert pressure downward; a 
liquid will exert pressure downward 
and also outward against the walls 
that retain it; a gas exerts pressure 
downward, outward, and upward. The 
pressure exerted by a liquid varies with 
the distance below the surface at 
which the pressure readings are taken. 
Water, for instance, will exert on the 
sides of the vessel containing it, a 
pressure equal to the weight of the 
water above the point at which the 
pressure is taken. At a position 1 ft. 
below the surface, water exerts a pres- 
sure of 0.434 lb. per sq. in. (the weight 
of a column of water 1 in. square and 
12 in. high). At a position 2 ft. below 
the surface, water exerts twice the 
pressure that it did at 1 ft. and when 
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p — the pressure, h = head in ft., and 
Ww 0.434, then: 

p h X w 

p — 2 X 0.434 = 0.868 Ib. per sq. in. 

A gas exerts its pressure in all direc- 
tions as stated above, the pressure on 
all sides of the containing vessel being 
equal, the exerted pressure on the top 
of the container being as great as on 
the bottom. 

Pressure is expressed in a number of 
ways, the most common of which are 
“pounds per square inch,” “inches of 
mercury,” “inches of water,” “feet of 
water,” “pounds per square foot,” 
“centimeters of mercury,” and “milli- 
meters of mercury.” 

The pressure exerted on the body of 
any substance at sea level is 14.7 lb. 
per sq. in. and is called one atmos- 
phere of pressure. One atmosphere of 
pressure means substantially that a 
column of air with a cross-sectional 
area of one square inch and extending 
from sea level to the outer edges of 
the earth’s atmosphere will weigh at 
sea level, 14.7 pounds. 

One atmosphere of pressure is often 
expressed as follows: 

1 atmosphere=760 mm. of mercury 

1 atmosphere= 29.92 in. of mercury 
Atmospheric pressure varies with the 
altitude and weather and for that 
reason computations made in the gaso- 
line plant are corrected for the baro- 
metric reading made at the time the 
reading was obtained. 

Other conversion factors often 
found convenient are: 

1 lb. per sq. in.= 2.312 in. of water 
= 2.04 in. of mercury 
= 5.17 cm. of mercury 
= 51.7 mm. of mercury 

A space that contains no air is called 
a vacuum. A perfect vacuum is zero 
pressure. Absolute pressure is the total 
pressure above a perfect vacuum. 
Gauge pressure as indicated by our 
common pressure gauges in the plant 
is the pressure above one atmosphere. 
Absolute pressure is gauge pressure 
plus atmospheric pressure. A vessel on 
which the gauge pressure is indicated 
to be 60 lb. would have an absolute 
pressure of 60 + 14.7 or 74.7 lb. per 
sq. in. If the barometer had read 
14.4 lb. per sq. in. at the time the 
gauge reading was taken, the absolute 
pressure would have been 74.4 lb. per 
sq. in. 


Heat Units 


In the centimeter, gram, second 
(c.g.s.) system, the unit used to ex- 
press quantity of heat is the calorie. A 
calorie is the quantity of heat neces- 
sary to raise the temperature of one 
gram of water 1°C. (as from 15°C. 








to 16°C.) and is called the small cal- 
orie. One thousand small calories equal 
one large calorie. 


The quantity of heat required to 
raise the temperature of one pound of 
water one degree fahrenheit is called 
the British thermal unit (B.t.u.). 
One B.t.u. for all practical purposes 
may be considered equivalent to 1/180 
of the heat necessary to raise the tem- 
perature of one pound of water from 
32°F. to 212°F. One large calorie is 
equal to 3.96 B.t.u. and one B.t.u. is 
equivalent to 252 small calories. 

The thermal capacity of a substance 
is the amount of heat necessary to 
raise the body temperature of the sub- 
stance through the range of one de- 
gree. As the amount of heat necessary 
to raise the temperature of one pound 
of water one degree F. is one B.t.u., 
the thermal capacity of water is 1. 

The specific heat of any substance 
is the ratio of its thermal capacity to 
the thermal capacity of water. As the 
specific heat of alcohol is 0.6 it re- 
quires 0.6 B.t.u. to raise the tempera- 
ture of one pound of alcohol 1°F. To 
raise the temperature of 10 Ib. of 
alcohol 5 degrees it would require 
0.6 X 10 & 5 or 30 B.t.u. 

The heat required to make a change 
in the state of matter, i.e., convert a 
solid to a liquid, is called the heat of 
fusion. The heat of fusion is the num- 
ber of B.t.u. required to change one 
pound of a substance from the solid to 
liquid state without causing any rise 
in temperature. The heat of fusion is 
equal to the heat of solidification, i.e., 
the number of B.t.u. that must be re- 
moved from the liquid to cause solidi- 
fication with no change in tempera- 
ture. 

When the boiling point of a liquid 
is reached, a certain number of B.t.u. 
must be added to change the substance 
from the liquid to a gaseous state with 
no accompanying change in tempera- 
ture. This is termed heat of vaporiza- 
tion. When a gas is condensed it gives 
up this same amount of heat and the 
heat of condensation is equivalent to 
the heat of vaporization. 

The heat of fusion and of vaporiza- 
tion vary with the temperature and 
pressure. Heat of fusion is ordinarily 
given in B.t.u. per lb. for the melting 
point and the heat of vaporization is 
given in B.t.u. per Ib. for the boiling 
point. 

Every substance is composed of a 
multitude of particles that are called 
molecules. These molecules, or groups 
of molecules, are continually in mo- 
tion. The energy of that motion is 
called heat. The hotter a substance 
is, the more rapid is the molecular 
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p iseies NEW INTERNATIONAL POWER UNITS are 4-cylinder 
engines, readily adapted to a wide variety of jobs. They 
bring new efficiency and new economy in their power range. 
Their quality construction pays out on the job in terms of 
low operating and maintenance cost, long life, and stamina 
to stand up under 24-hour-a-day operation. 

Among the many features that prove of great value for 
all kinds of work are: Valve-in-head design, replaceable cyl- 
inders, full-floating piston pins, efficient combustion control, 
pressure lubrication, Tocco-hardened crankshafts, precision- 
type main bearings, and efficient cooling. Basic parts can be 
attached or removed without interfering with other parts, 
making possible many equipment combinations to meet in- 
dividual needs. 

The nearby International dealer or branch will give you 
complete information on the New U-2, U-4, and U-6, and 
other International Power Units ranging up to 110 max. h.p. 
All carburetor-type engines in the line operate on gasoline, 
gas, distillate, and kerosene. 
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movement. Likewise, the colder a 
substance becomes, the slower is the 
movement of the molecules. The point 
at which all molecular movement ceases 
is absolute zero. Absolute zero is 460 
degrees below zero F. 


Combustion 


Combustion, or burning, of a sub- 
stance is the violent combination of 
that substance with oxygen. When 
speaking of gaseous or liquid hydro- 
carbons the above definition essentially 
means “the violent combination of 
oxygen with hydrogen and carbon.” 
The heat of combustion of any sub- 
stance is the number of B.t.u. devel- 
oped by the complete combustion of 
one pound of that substance. 





HEATS OF COMBUSTION 
B.t.u. per B.t.u. per 
Ib. cu. ft. 
Hydrogen 61,000 348 
Carbon 14,000 
Methane (CH,) 23,970 1008 
Ethane (C,,H,) 22,220 1764 
Propane (C,.H,) 21,630 2519 
n-Butane (C,H,,) 21,330 3274 
Isobutane (C,H,,) 21,330 3274 











Density and Specific Gravity | 


The density of a substance is its 
weight per unit of volume. When 
using the English System, density is 
expressed in Ib. per cu. ft. In the 
Metric System density is expressed in 
grams per cu. cm. 


If V = volume of a body 

m = weight of body 

d = density of substance 
Weight or Mass = Vd 


Density = 


Volume = 


a|3 <|8 


The specific gravity of a substance 
is the ratio of the weight of a given 
volume of the material to the weight 
of an equal volume of water. 

Specific Gravity = 

m (weight of substance) 

(weight of equal volume of water) 


The density and specific gravity of a 
substance varies with temperature and 
a standard reference temperature of 
60°F. has been selected as that tem- 
perature to which all gravities of oil 
and gas must be corrected. The volume 
of oil and gas is also corrected to 60°F. 

The accepted practice in the United 
States is to express gravity of oil in 
A.P.I. terms. The A.P.I. gravity of an 
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oil is found from the specific gravity 
by the formula: 
Gravity of 


> 
oil A.P.I. = a 


RR —————— 131.5 
Specific Gravity 





In the plant the gravity of an oil 
is measured by means of hydrometers. 
Hydrometers may be either plain 
(without thermometer) or combina- 
tion (with thermometer). The com- 
bined form hydrometer is generally 
used so that the A.P.I. gravity and 
temperature may both be taken on the 
sample at the same time. Charts are 
obtainable for use in connection with 
these two simultaneous readings so that 
the A.P.I. gravity corrected to the 
base temperature of 60°F. can be read 
direct without calculation. 


Hydrocarbons 


All petroleum oils and gases are 
composed of compounds of hydrogen 
and carbon. These compounds exist in 
the form of molecules. 

A molecule is the smallest particle 
into which matter may be divided and 
the properties of the original substance 
be retained. 

An atom is the smallest particle of 
an element that has all the chemical 
properties of that substance. 

A molecule may be divided into 
atoms. For instance, water may be di- 
vided into two atoms of hydrogen and 
one of oxygen. When this separation 
has occurred, however, the constitu- 
tion of the original substance will 
have been destroyed. 

Many atoms of like characteristic 
unite to form an element, such as hy- 
drogen.When atoms of a different sort 
unite to form a molecule, however, as 
would one atom of carbon and four 
atoms of hydrogen, the result is a 
compound, termed methane (CH,). 

If the empirical chemical formulas 
of the hydrocarbons found in natural 
gasoline and natural gas are known, 
most of the computations entailing the 
use of molecular weights can be made, 
using atomic weights of carbon, hy- 
drogen, and oxygen. 

Butane (C,H,,) has a molecular 
weight of 12 X 4+ 1 X 10or 58. 

Pentane (C;H,.) has a molecular 
weight of 12 X 5+ 1 X 12 or 72. 

In chemical engineering calculations, 
the pound mol is the basis of assump- 
tion. The pound mol of a compound 
is that quantity of which the weight 
is numerically equal to its molecular 
weight. A pound mol of butane would 
weigh 58 Ib. and a pound mol of pen- 
tane, 72 lb. 

The laboratory analysis of liquid 
and gaseous mixtures is quite often 









given in volume results. If such is the 
case it is quite necessary in most cal- 
culations to convert first to a weight 
basis and then to a mol fraction. The 
mol fraction is the ratio of the mols 
of one component to the total number 
of mols in the mixture. The mol frac- 
tion multiplied by 100 will give the 
mol percent. The sum of the mol frac- 
tions of the respective components 
must total 1.0 or unity. 


In conclusion, the application of the 
fundamental laws of physics and 
chemistry to plant operation will give 
interest and deeper perception as to 
the “why fors” of everyday routine. 

There are three basic laws: first, the 
conservation of mass (all experience 
proves that mass can be neither cre- 
ated nor destroyed) ; second, the rela- 
tionships of equilibria in processes of 
physical and chemical nature; and, 
third, the laws that govern the rate of 
reaction in systems not in equilibrium. 

Systems that are changing con- 
stantly, outwardly change form and 
condition. It would seem that there 
would be either a loss or gain in the 
system. This is not so, and if the 
system were carefully checked, the 
total mass wound be found to be un- 
changed. The law specifically requires 
that there can be no loss or gain 
through or during the process. 

Systems that spontaneously change, 
do so in a definite direction. If they 
are left to themselves for a definite 
length of time, they will reach a point 
when no further action takes place. 
When such a position has been reached, 
the system is said to be in equilibrium. 

The laws that govern the rate of 
change or reaction in systems not in 
equilibrium are not nearly so well 
known nor so easy to calculate data 
for as are the laws of conservation of 
mass and energy and states of equilib- 
rium. They are of great importance, 
however, as in numerous processes the 
time that it will take to bring the 
system to a final equilibrium or end 


* point is quite important. 


These three laws play major roles 
in plant operation. They are the very 
basis of distillation, stabilization, and 
fractionation. They govern the amount 
and rate of absorption, and the amount 
of heat transfer in heat exchangers, 
steam preheaters, and reheaters. They 
are the basis of plant calculations and 
performance. 
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Methods of Interpreting the Findings in 
Core Analysis Work 





By FRANK HORNKOHL 


Careful test procedures using modern laboratory equipment 
enhance accuracy of information obtained from cores 


Owner, Frank Hornkohl Chemical Laboratory 


ORE analysis, a comparatively re- 
cent development in petroleum 
technology, primarily consists of phys- 
ical and chemical determination of the 
characteristics of oil sands. 








FRANK HORNKOHL 


was born in Manistee, Michigan, 
December 24, 1901, and educated 
there in the grammar and high 
school—After working in the market- 
ing end of the oil business as a cost 
accountant, he moved to Ponca City, 
Oklahoma, and for almost three 
years was in the production and re- 
fining departments of the Marland 
Oil Company—Entered Stanford Uni- 
versity in 1924, majoring in chemical 
and petroleum engineering, and upon 
graduation, worked for the Standard 
Oil Company of California as a 
chemical engineer—resigned from 
the Standard in 1936 to establish a 
chemical laboratory and do consult- 
ing chemical engineering work—The 
laboratory, the Frank Hornkohl 
Chemical Laboratory, Bakersfield, 
California, specializes on rotary 


mud and oilwell core analyses. 











The interpretations given in this 
article are primarily the writer’s own 
conclusions and findings during four 
years of core analysis work in the vari- 
ous fields of California. Miscellaneous 
tests are explained to give a better pic- 
ture of the interpretations. 


Visual Inspection 


It is necessary to wrap the oil core 
immediately as soon as it is taken from 
the core barrel, and preferably the 
mud should be scraped-off before 
wrapping in preservative paper such 
as tin foil or parafilm paper. This 
process prevents any loss of fluid con- 
tent from the core. 

In beginning the test, the operator 
shears the outer part of the core to 
eliminate as much drilling-fluid con- 
tamination as possible. At the same 
time he observes the character of the 
sand as to its consolidation or uncon- 
solidation, friability, grain size, and 
bedding characteristics. A sample is 
taken for microscopic (wide field) ex- 
amination to determine the shape and 
type of grains. These data often yield 
important information for the petro- 
leum geologist or petroleum engineer. 


Oil Saturation 


A sample approximating 100 to 150 
grams of the sand is rapidly crushed 
in a porcelain mortar and distilled to 
determine oil and water content. Any 
one of the many accepted core dis- 
tilling devices now on the market may 
be used. The oil saturation calculated 
in terms of volume is a function of 
the depth from which the oil sand 
was taken. In determining whether or 
not the oil saturation is sufficient to 
indicate that the sand being tested is 
from a commercially productive zone 
a table is given showing the relation- 
ship between gravity of the oil and 
the minimum oil saturation a sand 


can have and be a commercial pro- 
ducer. 





TABLE | 
A.P.I. gravity of Minimum oil 
oil saturation 
12 - 15° 55% or more 
15 - 18° 40% 
18 - 23° 35% 
23 - 26° 20% 
26 - 32° 10% 











The above figures on gravities to 
23° A.P.I., of course, are assuming 
that the well is less than 4000 ft. in 
depth. In the event the well is 8000 
ft. or more in depth the oil saturation 
in the higher gravity brackets can be 
as low as 5 percent and good produc- 
tion still be expected. The low oil sat- 
urations in these cases are accounted 
for by the appreciable loss due to the 
pressure difference between the sand 
and atmospheric pressure. 

It is our conclusion that the oil re- 
maining in the deep-well cores is 
merely the residual oil remaining in 
the sand after sustaining the so-called 
“shock” of being reduced to atmos- 
pheric pressure and temperature from 
the much higher temperatures and 
pressures present in oil sands. 


Fluorescent Tests for Saturation 


A fairly new development in ex- 
amination of oil cores for oil satura- 
tion is the use of an instrument called 
a hot quartz lamp. It has been a 
common practice in the fields to take 
a small sample of the oil sand and add 
such solvents as acetone or carbon 
tetrachloride and then note the amount 
of darkening of the solvent that occurs 
due to the presence of the oil hydro- 
carbons. When very light (extremely 
volatile) crude oil sands were tested, 
however, and no color was obtainable 
it was possible that these sands would 
be passed off as gas sands. The hot 
quartz lamp, however, will give a 
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as on in the deepest, hottest holes, ‘Starcor’ helps make 


cementing a routine operation,” Oil Men say. 


This well in Louisiana’s Lafitte Field was drilled to 
a total depth of 9,000 ft., where 7" pipe was cemented 
with 800 sacks of ‘Starcor.’ On 10" surface pipe, cemented 
at 1,976 ft., 1,000 sacks of ‘Incor’ were used. “‘As usual, 
both cementing jobs were finished without a hitch, and 


the well is the best producer in the field,” reads the job-log. 


It pays to use ‘Starcor’* for greater length and ease of 
pumpability in deep wells at high temperatures... and 
‘Incor’* for wells of moderate depth, earlier drill out, wells 
on production quicker. Oil-well cements, both—backed 


by continuing research, in the field and laboratory. 


*Reg. U. S. Pat. Off. 
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CEMENT CORPORATION 


DALLAS: Santa Fe Building - + + + HOUSTON: Shell Building 
























































































marked fluorescence in the presence of 
light petroleum fractions; but not so 
in the case of a gas sand. 

Hot quartz lamps of the type de- 
scribed can be purchased anywhere 
from $50 to $300. 


Water Saturation 


About a year ago the writer gave a 
paper at the Los Angeles Fall Meeting 
of the American Association of Petro- 
leum Geologists discussing the difh- 
culty of obtaining reliable oil and 
water saturations using certain types 
of coring devices, the theory being 
that the drilling fluid penetrated the 
entire diameter of the core thus giving 
a very high water reading. Since that 
time very valuable information has 
been obtained concerning the accuracy 
of relative oil and water saturation 
determinations by running tracer tests 


on the sands when chemicals such as 
sodium tetrapyrophosphate, caustic 
soda, and tannic acid have been used 
in the drilling fluid. 

We have definitely found, in the 
case of wet sands, i.e., sands that 
would produce water, that drilling 
fluid does not penetrate these sands; 
in the case of oil sands, on the other 
hand, the drilling fluid does penetrate. 
Thus, on all samples tested we run 
tracer tests for these mud chemicals 
and can definitely state when a high 
water saturation represents a wet 
sand, or if the particular core tested 
had been thoroughly saturated with 
drilling fluid. 

Other interesting information has 
been obtained pertaining to the extent 
of drilling fluid penetration in sands. 
It has been found that the drilling 
fluid penetration varied from 4 in. 
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Equipment used in core analysis laboratory 











in very low permeability sands to a 
maximum of 11; in. in sands having 
a permeability of 2000 millidarcies or 
more. 


In the calculation of the water sat- 
uration of a given sand, elimination of 
the drilling fluid factor by cutting the 
core close to the center, means that 
the remaining water present consists 
of connate water, water of crystalliza- 
tion, and free water, if any of the 
latter is present. The connate water 
content is fairly well known in most 
of the fields in the Valley area from 
prior determinations, supported by 
production checks of the percentages 
of water cut. As is generally known, 
connate water is that water in the 
sand that will not produce with the 
oil, and its amount will vary in dif- 
ferent fields from 30 to 70 percent of 
the total saturation. Furthermore, con- 
nate water content is an inverse func- 
tion of the permeability of the sand— 
the lower the permeability, the higher 
the connate water. Likewise, the water 
of crystallization of the sands of the 
various Valley fields has been deter- 
mined, varying from zero to 3 per- 
cent of the total saturation. Thus, 
knowing the connate water, water of 
crystallization, and the permeability 
of a given sand, it is possible for the 
laboratory to predict wet sands. Con- 
siderable experience and practice with 
cores, likewise, make it possible to de- 
termine readily by observation whether 
or not a sand is wet. 


From the standpoint of computing 
reserves in a given field, it is very 
essential that the connate water con- 
tent ef a sand be deducted from the 
available pore space. In keeping with 
this determination, we have found 
there are only two possible methods 
of analyzing the true connate water 
content of an oil sand. The first is to 
use an exceedingly low water-loss drill- 
ing mud such as a mixture of Aqua- 
gel and Baroid and, taking a 5-in. 
conventional core, use only the center 
of this particular sample for an accu- 
rate water content determination. The 
other method suggested is the use of 
oil-base mud using a minimum size 
conventional core of 3'/% in. and like- 
wise taking the sample for determining 
connate water content from the very 
center of the core tested. 

Salinity 

The salt content of a sand is deter- 
mined by leaching a sample of the 
residue sand from the distillation with 
distilled water, filtering the water, and 
testing the filtrate in the regular man- 
ner for chlorides. This test is often 
valuable in verification of wet sands 
because of the characteristic increase 
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IN ANY FORMATION 


Exampie: In the [Illinois The hundreds of Cummins Dependable Diesels working in every 
field, this Wilson Atlas rig major field have convincingly demonstrated that Cummins Diesel 
powered with two Model LI- power “has what it takes” to handle the toughest drilling job. 


600 Cummins Dependable It’s economical . . . uses cheaper fuel and less of it . .. maintenance 


Diesels is operated by Clint cost is negligible. Cummins Diesel power is dependable . . . no 
Crosby, of Centralia, Mlinois. need to worry about down-time for repairs . . . in the hardest 
formations, under the heaviest loads, this diesel lugs down and 
hangs on like a bulldog. Cummins Diesel power is fast . . . the 
Cummins Exclusive Fuel System assures the all-weather instant 
starting, supreme flexibility and quick throttle response that gives 
you power, right when you need it. Accepted as the standard 
power, in its range, by many of the nation’s largest users of 


drilling equipment, Cummins Diesel power will give you more 





footage ... in less time . . . at less cost. Cummins Engine Co., 


1516 Wilson Street, Columbus, Indiana. 





MID-CONTINENT SUPPLY COMPANY + FORT WORTH, TEXAS 


Distributors Mid-Continent Territory 


Betow: Model L1-600 Cummins Dependable Diesel. 
Horsepower: 250 at 1000 rpm. Displacement: 2309 cu. in. 
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in salt content of a sand when it is 
wet. Here again, the correct interpre- 
tations can be made only from a core 
of sufficient diameter to eliminate the 
possibility of infiltration of mud fluid. 


Permeability 


Permeability is a measure of the 
fluid-passing ability of a porous mate- 
rial. The laboratory cuts samples both 
parallel and perpendicular to the bed- 
ding plane. These samples are approxi- 
mately 2 cu. cm. in size and are ex- 
tracted first to remove all evidence of 
oil and then dried to remove any re- 
maining moisture before being tested. 

Ordinarily the permeability is higher 
parallel to the bedding plane than per- 
pendicular; however, we find that on 
the average sand the difference is only 
slight. Cases have been found where 
the permeability perpendicular to the 
bedding plane was higher than that of 
parallel samples, this no doubt being 
due to the manner in which the for- 
mation was tilted. Permeability deter- 
minations are an excellent index of 
future production. We have found in 
the San Joaquin Valley that sands 
having 10 millidarcies permeability or 
less at 8000 ft. depths would not pro- 
duce; for sands 12,000 ft. in depth 
that figure could be lowered to 5 mil- 
lidarcies. The only exception to this 
rule would be as quoted from one 
company in California that claims 100 
bbl. production per day from 900 ft. 
of oil sand having an average perme- 
ability of 2 millidarcies. This is the 
only exception that the writer is aware 
of in which commercial production 
has been obtained from low permeabil- 
ity sand. ) 

In Pyle and Sherbourne’s paper,’ a 
curve was shown plotting permeabil- 
ity against specific productivity index, 
thus making it possible to predict the 
flow of a well. This same information 
when applied to similar data in the 
Illinois fields where the wells are al- 
lowed to flow unrestricted compares 
very favorably in predicting produc- 
tion. In our laboratory work no at- 
tempt is made to predict future pro- 
duction of the well from the results 
of the analysis owing to the fact that 
we do not have all the pertinent in- 
formation necessary to plot the curve 
referred to. It has been found, how- 
ever, by experience in testing the vari- 
ous fields that knowing the amount of 
oil sand, the approximate gravity of 
the oil, the permeability of the sand, 
and the bottom-hole pressure, we can 
give the petroleum engineer or geol- 
ogist an “off-the-record” estimate, 
and ordinarily an experienced operator 
would not miss his estimate more than 
10 percent. 
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Porosity 


The effective porosity is determined 
on the same samples used for the per- 
meability test. There are many types 
of porosimeters on the market, and 
comparative tests run between several 
laboratories showed remarkably low 
differences in test results. The follow- 
ing interesting things have been found 
in porosity determinations: The effec- 
tive porosity can vary as much as zero 
to 52'% percent; it is a direct function 
of the grain size, i.e., coarse-grained 
sands have a correspondingly lower 
porosity than the sand grains of 
smaller diameter. On the very high 





TABLE 2 


Fluid storage capacity of oil sand 
PERCENT POROSITY BARRELS PER ACRE FOOT 
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porosities determined, in every case 
the sands were very fine and elon- 
gated but were so arranged in position 
that large void spaces were created. 
The average porosity of commercial 
oil sands will vary from 16 to 30 per- 
cent, and on coarse-grained sands, 
from 18 to 24 percent. Generally 
speaking, sands having a porosity of 
less than 14 percent likewise have low 
permeabilities. The most important 
use of the porosity figure is in deter- 
mining the storage capacity for fluids 
in an oil sand. Table 2 shows the re- 
lationship between bbl. per acre-ft. 
for varying porosities. The porosity 
figure is also used in the calculations 
involved in determining the percent 


oil and water saturation as well as the 
salt water content of the sand. 


Gravity 


As can readily be understood, grav- 
ity is a very important factor, espe- 
cially in the lower brackets, such as 
the difference between a tar sand and 
an oil, say of 12° to 13° A.P.I. grav- 
ity. In this respect it is definitely pos- 
sible for the laboratory to distinguish 
between the two. In fact it has been 
possible in many instances to advise 
clients to proceed with placing a liner 
in a well and bringing the well in 
after the engineer had turned down 
the particular sand as being a tar sand 
and therefore not produceable. In the 
case of the higher gravities, the labo- 
ratory has developed a relationship be- 
tween residual oil actually obtained in 
the distillation of the oil sand and the 
true approximate gravity of the oil 
that will produce from a given sand, 
for example, the residual oil recovered 
in a distillation of an oil sand might 
only be 18 to 20° A.P.I., whereas that 
particular sand will produce a 36° to 
40° A.P.I. gravity oil. 


Grading Analysis 


The grading analysis of the sand is 
also run on the residual sand from the 
distillation. The grading is especially 
valuable in slightly consolidated and 
friable sands for determining the cor- 
rect size slots for the liner. In this 
respect we use the Kobe procedure 
which calls for slot size of twice the 
size screen where 10 percent of the 
sand will be retained on a screen. The 
grading analysis also shows the man- 
ner in which the sand is sorted as to 
size and thus is valuable in explaining 
low permeability results on apparently 
high permeability sands. This is indi- 
cated by the percentage of fines in the 
sand that are filling the void spaces. 


Conclusions 


Oil well core tests provide the pro- 
ducer with pertinent information not 
only in guiding him in bringing the 
well in but also in giving invaluable 
information for estimating future re- 
serves. 

It is firmly believed that as the 
technique for oil core analysis is fur- 
ther improved, far more valuable in- 
formation will be made available for 
the oil technologist. 
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Engine house, cooling tower, and 
piping to absorbers, Shreveport 
Gasoline Plant 
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DON ATTAWAY 


Arkansas Fuel Oil Company 


Declining Pressure of Gas Reserves 
Requires Revamping of Gasoline Plant 


Absorption in two stages, before and after compression, 
increases gasoline yield and provides additional through- 
put capacity of 1,500,000 cu. ft. per day 


N August, 1939, the Arkansas Fuel 

Oil Company completed its 
Shreveport plant, a conventional type 
absorption plant situated near the city 
limits of Shreveport, Louisiana, and 
processing gas from some 40 wells. 
The plant received gas from two gath- 
ering systems; one operating at 60-lb. 
and the other at 30-lb. pressure. 

Since that time, however, a general 
decline in bottom-hole pressures and 
allowables in the Shreveport field has 
made it imperative that some steps be 
taken to procure all available gas. A 
review of the gas-oil ratios and bot- 
tom-hole pressure records shows that 
a lower operating pressure would fill 
the need. 

In October, 1939, the total bottom- 
hole acre-pounds for the field with 48 
producing wells was 3,126,022. In 
August, 1940, the bottom-hole acre- 
pounds with 54 wells was only 1,312,- 
567. This was a loss of 1,813,455 
acre-pounds. 

A group of 12 leases, formerly feed- 
ing into the plant under 35 lb. pres- 
sure, was selected and the 8-in. gath- 
ering line serving them tied into the 
compressor suction. The gas engine in- 
stalled was a 2-cycle angle-type com- 
pressor of 625 hp. 

The unit is housed in a 24-ft. by 30- 
ft. steel-fabricated building equipped 
with a monorail for chain hoist to 
service the engine. Ample windows 
and doors are provided and triple ven- 
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tilators installed on the roof. Floor pits 
are covered with metal covers and 
piping is concealed. 

The engine has 5 power cylinders of 
15 in. diameter and 15-in. stroke, 
which drive three compressor cylin- 
ders 23 in. in diameter and having a 
15-in. stroke. It has a capacity of 
5730 M. cu. ft. daily while operating 
at 350 r.p.m. and taking suction at 
atmosphere and discharging against 
65-lb. gauge. An unusual feature is 
the manner in which air for combus- 
tion is forced into the firing cylinder 
at 2- or 3-lb. pressure by a scavenging 
cylinder situated at the end of the en- 
gine. 

Safety features include a centrifu- 
gal over-speed trip on the flywheel 
that shuts-off the twin ignition sys- 
tem and a mercoid switch that oper- 
ates in case of oil or water failure. The 
engine exhaust and lubricating oil 
are water cooled. The mufflers are 
equipped with maxim silencers. Mod- 
ern control instruments are installed 
on the engine and include such items 
as an indicating oil-pressure gauge, 
starting-air supply pressure gauge, cir- 
culating oil pressure gauge, fuel sup- 
ply pressure gauge, gas injection pres- 
sure gauge, power cylinder exhaust 
temperature indicator, and an indicat- 
ing tachometer. Numerous indicating 
thermometers are placed throughout 
the water, oil, and gas circuits. Meas- 
urement of gas is by a dual meter in- 
stallation in order to record volumes 


when the engine is operating as well as 
when gas is diverted through the low- 
pressure absorber under field pressure. 

To supply water requirements for 
this engine as well as for a water- 
cooling system for the compressed gas, 
it was necessary to erect a 15-tier 
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began his career with the Dixie Gulf 
Gas Company as timekeeper in the 
Waskom district, January, 1928—Entered 
the payroll department of United Gas 
Company late in 1929 and worked there 
until he accepted a position with Arkan- 
sas Fuel Oil Company in September, 
1930, in the gas accounting department 
—Worked successively as meter man, 
loading rack man, and utility man in the 
East Texas natural gasoline plant—He 
is now at the Shreveport Gasoline Plant. 
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and the others in this series are 
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COOK’S GRAPHITIC IRON PISTON RINGS 


lower the rate of cylinder wear, increase h.p. output 
per gallon of fuel and restore new engine power, even 
after cylinders are badly worn. These results are as- 
sured by the combination of (1) COOK'S GRAPHITIC 
IRON — the highly refined COOK'S Ring material; 
(2) exclusive designs that positively and permanently 

seal combustion pressures; (3) pre-conditioned wearing 

surfaces. You too can reduce your operating and main- 
tenance costs by installing COOK'S Rings next time 
you make replacements. Ask for informative literature. 
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louver-type cooling tower having four 
bays. The basin of the tower measures 
24 ft. wide by 30 ft. long. A hori- 
zontal tray at the bottom of the last 
tier serves as a basin from which 
downspouts connect to sprays running 
lengthwise directly above the gas and 
engine-water coolers suspended be- 
neath inverted sprays. 

These coolers are three in number, 
one being 16 ft. long and having 148 
tubes and the other two being 18 ft. 
long and having 44 tubes each. The 
larger cooler, of course, is connected 
to the discharge side of the gas com- 
pressor and serves to reduce the tem- 
perature of the gas from 250° F. to 
80° F. before it is processed through 
a 40-ft. by 7'4-ft. vertical absorber 
cperating at 60-lb. pressure. 

The two small tube bundles serve to 
cool engine and compressor jacket 
water that circulates in a closed sys- 
tem. 

A centrifugal pump having a ca- 





rrr rr OOO OOOO Orr 





a 





— 





Construction crew moving engine onto foundation 


pacity of 310 gal. per min., driven by 
a 6-hp. steam turbine circulates the 
water through the closed engine cool- 
ing system as well as around the sheet- 
and-tube oil cooler. Water over the 
tower is circulated by a 460 gal. per 
min. centrifugal pump driven by a 
15-hp. steam turbine. A standby pump 
of duplicate requirements is situated 
for relief of either the engine-water or 
cooling-tower circuit. Make-up water 
to the tower is fed-in by a float valve 
arrangement on a 3-in. fresh water 
line. 

Some 31 days were required to pour 
the concrete block and install the en- 
gine as well as make the necessary 
change-over in piping. The 32-ft. by 
5-ft. vertical absorber, formerly oper- 
ated at 35-lb. pressure, was left intact 
and a 10-in. suction line tapped from 
the original absorber inlet. A 12-in. 
discharge line from the engine to the 
gas coolers and thence to the high- 
pressure absorber inlet scrubber was 
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View of 23-in. compressor cylinder, 
showing also the piping arrangement. 
The engine has three such cylinders 
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also installed. By means of this hook- 
up it is possible to place the low-pres- 
sure absorber into emergency service 
immediately by the opening and clos- 
ing of only two valves. Thus in case 
of engine failure, gas can be quickly 
diverted into the original absorber for 
processing. 

At present, gas is entering the en- 
gine suction at about 4 in. of vacuum 
and being compressed to the required 
60 lb. for processing through the high- 
pressure absorber together with the gas 
gathered from wells in the field hav- 
ing sufficient wellhead pressure to feed 
into the system. Comparison of pres- 
ent and former operating capacities 
shows an increase of about 1,500,000 
cu. ft. of gas per day. In like manner, 
the reduced separator pressures have 
resulted in higher gasoline yields. On 
the 12 leases tied-into the system, sep- 
arator pressures formerly averaged 53 
lb.. whereas at present the average is 
only 23 lb. Gasoline content tests like- 
wise show a marked improvement. 
Leases formerly yielding about 600 gal. 
per million now produce 902 gal. per 
million. 

Thus on the basis of first analysis, 
the installation has every opportunity 
of being profitable and adding to the 
life of the producing field. An addi- 
tional advantage is the fact that the 
engine installation now makes avail- 
able additional gas for the local gas 
company’s distribution system. 
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Reaction equipment in the catalytic hydrogenation plant of Shell Oil Company, Inc., Dominguez, California 


Increased Recognition Given Petroleum 
As Source of Synthetic Products 





ERCLUSIW 


-“UHTALD’ « 


HE wealth of technical data 

that has been obtained and pub- 
lished during the last decade on the 
production of synthetic materials 
from petroleum hydrocarbons attests 
to the rapidly growing interest in this 
field and its potential profits. It was 
discovered soon after experimenters 
began the study of utilization of hy- 
drocarbons as chemical intermediates 
or raw materials that pure hydrocar- 
bons, even of the paraffinic series, are 
much more reactive under suitable 
conditions than they were formerly 
thought to be. The name “paraffin” 
means inert, but chemists have found 
that by subjecting these products to 
the right conditions, a host of prod- 
ucts may be made with comparative 
ease, themselves of considerable scien- 
tific or commercial value, or equally 
as valuable as intermediates for the 
synthesis of more complicated prod- 
ucts. 


In this brief survey of the syn- 
thetics field using petroleum hydro- 
carbons as raw material we shall con- 
fine our attention mainly to the 
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Substitutes for rubber, resins and plastics, and miscellaneous 
materials are among the most important byproducts of oil and gas 


By ARCH L. FOSTER 
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received bachelor’s and master’s de- 
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ciated with the Gulf Refining Com- 
pany, the U. S. Bureau of Mines, 
National Petroleum News, and The 
Lubri-Zol Corporation—Is a member 
of the Society of Automotive Engi- 
neers, American Chemical Society, 
American Society For Testing Mate- 
rials, and Phi Lambda Upsilon, hon- 
orary chemical society. 








following groups of products: 
1. Synthetic rubber and rubber 
substitutes. 
2. Synthetic resins and plastics. 
Synthetic lubricants. 
4. Miscellaneous products. 
a. Alcohols, ethers, ketones, 
phenols. 
b. Naphthenic and sulphuric 
acids. 
c. Substituted hydrocarbons, 
detergents, etc. 


Of probably the greatest technical 
interest at present though not the 
most important commercially is the 
development in synthetic rubber. Be- 
tween 1932 and 1937 the production 
of coal-tar resin synthetics increased 
fivefold; that from petroleum and 
other materials other than coal tar 
increased tenfold, according to Fro- 
lich (Ind. Eng. Chem., News Ed., 
April 10, 1940). This total output 
amounted to 162,000,000 Ib. in 1937. 
At the same time our synthetic rub- 
ber output is estimated at five mil- 


(Continued on Page 59) 
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lion pounds, or less than one-half per- 
cent of our total rubber consumption. 
The nucleus of the natural rubber 
molecule is the substituted butadiene, 
a diolefin, in which one hydrogen 
atom, on the second carbon, is re- 
placed by a methyl group. There are 
at present six monomolecular mate- 
rials used as starting points for syn- 
thetic rubber. These are: 
H H H H 
Butadiene— C = C—C=C. 


H H 
H H H 
Isoprene— C = C—C=C, 
| H 
HCH 
H 
H H H 
Chloroprene— C = C—C=C. 
H | H 
Cl 
CH, CH, 
Dimethyl- H | | H 
butadiene—C — C—C—C. 
H H 


Acrylonitrile—HC = C — CN. 
H H 

In addition chlorinated aliphatics 
are condensed with sodium polysul- 
phide to form the commercial Thiokol. 
Synthetic rubber was first made com- 
mercially in Germany under the stress 
of the first World War, from 2,3- 
dimethylbutadiene, by polymerization 
to extremely large molecules of 150,- 
000 m.w. or more. Butadiene and 
chloroprene are now used because of 
either greater availability or lower 
cost. The well-known American prod- 
uct, neoprene, is the highly polymer- 
ized product from chloroprene. 

Recently the production rights to 
Buna rubber, developed in Germany, 
were acquired by Standard Oil De- 
velopment Company. Butadiene is 
polymerized in emulsified form. Fro- 
lich characterizes the natural rubber 
molecule as being probably ‘‘a head-to- 
tail polymer of the isoprene unit.” 
Synthetic rubbers are considered to be 
of comparable molecular weight, and 
of the same general arrangement. The 
degree of unsaturation of the syn- 
thetic molecule, however, is somewhat 
less than the theoretical calculated 
from the assumed formula. This con- 
dition Frolich believes may be ex- 
plained by assuming that some double 
bonds are satisfied by cross-linkages 
within the molecule. Such bracing or 
cross-tying may be considered to ex- 
plain in part the greater toughness 
and resistance to molecular decom- 
position of the synthetic product. 
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Inclusion of the complexes of 
styrene and acrylonitrile are consid- 
ered to reduce still more the olefinic 
unsaturation of the synthetic prod- 
uct in which these materials are em- 
ployed, with the result that such prod- 
ucts are among the chemically most 
inert materials in this series. 


Frolich mentions such rubber syn- 
thetics as Buna, pure butadiene poly- 
mer, and Buna §S, a copolymer of buta- 
diene and styrene. Perbunan is 
polymerized from butadiene and acryl- 
onitrile, but neoprene is formed from 
chloroprene, which itself may be made 
by substitution of the methyl group 
in isoprene by a chlorine atom, the 
chlorine remaining in the polymerized 
product. Polymerization of all these 
products is based on heat and pressure, 
the optimum polymerizing conditions 
chosen for any combination of prod- 
uct desired being found by experience. 


To discuss in detail the composition 
of some of the Buna type rubbers, that 
referred to as Buna 85 [Ind. Eng. 
Chem. 32, 464 (1940)], is a soft, 
plastic material, with low tensile and 
elastic strength from which hard rub- 
ber may be made having a high ther- 
mal softening point and high resist- 
ance to attack by most chemicals that 
attack natural rubber easily. The mate- 
rial most used in Europe for tires and 
similar heavy-duty purposes is Buna §, 
a copolymer of butadiene and styrene. 
This material is much tougher than 
natural rubber, has a higher resistance 
to wear and abrasion for tire use, has 
high heat resistance and slower aging 
properties and little more than half 
the water absorption capacity of nat- 
ural rubber, which last is ascribed 
probably to the absence of proteins in 
the synthetic rubber. This product is 
of great value for use as insulating 
material in the presence of water and 
at elevated temperatures. Buna S must 
be plasticized by working at tempera- 
tures of 230°F. or somewhat higher; 
afterward it is handled in much the 
same way as natural rubber. 


Perbunan, (Buna N), made from 
butadiene and acrylonitrile, has high 
resistance to swelling in contact with 
petroleum liquids, and is therefore 
used for flexible hose in which these 
products are handled. Its aging quality 
is much higher than the natural prod- 
uct. Unvulcanized Perbunan is insolu- 
ble in gasoline, but soluble in benzene 
and other aromatics, and in chlorinated 
hydrocarbons. Softeners are used with 
it to improve its working properties, 
such as aldol-alpha-naphthylamine 
resin, triphenyl phosphate, and milled 
natural rubber. 


A classification for synthetic rub- 
bers has been proposed by Fisher [Ind. 





Eng. Chem. 31, 941 (1939) ] as being 
necessary in view of the rapidly ex- 
panding science and art of rubber syn- 
thesis. He suggests the name “elasto- 
prenes” for derivatives of butadiene; 
“elastolenes” for rubber-like materials 
formed catalytically from isobutylene, 
such as Vistanex; “elastothiomers”’ for 
products from polyalkylene sulphides, 
such as Thiokol; and “elastoplastics” 
for those intermediate materials made 
from vinyl chloride, acrylic and meth- 
acrylic esters, vinyl acetate, polysty- 
rene and polyphosphonitrilic chloride, 
the last an inorganic synthetic rubber 
substitute. 


To the petroleum technologist the 
primary interest in these products is 
that they all, or practically all, may 
be produced from petroleum and nat- 
ural gas hydrocarbons. Neoprene, 
which is made from chloroprene, starts 
with acetylene or ethylene, as will be 
shown later in this article. Butadiene 
and isoprene may be made from bu- 
tane or isobutane, or by the condensa- 
tion of ethylene chlorides. Isobutylene 
is made by catalytic or thermal dehy- 
drogenation of isobutane. Vinyl chlo- 
ride is synthesized from ethylene and 
chlorine at elevated temperatures as 
will be shown later. Styrene is vinyl 
benzene, which may be made from 
benzene, derived from cracked distil- 
lates, condensed with vinyl chloride 
via the Friedel and Crafts reaction 
using anhydrous aluminum chloride 
as catalyst. Chloroprene may be 
formed from acetylene or ethylene and 
chlorine, and so on down almost the 
entire list. It is therefore reasonable to 
assume that most if not all raw mate- 
rials for the synthetic rubber of the 
present and future will be taken from 
petroleum or natural gas. Because of 
the rapid increase in rubber consump- 
tion and world political complications, 
synthetic rubber will become increas- 
ingly important. 


Synthetic Resins From Petroleum 


The development of the resins- 
plastics industry based on petroleum 
hydrocarbons as raw materials has 
progressed with such speed that the 
average petroleum technologist, unless 
actively engaged in that field, has little 
time to acquaint himself with the de- 
tails of the kaleidoscopic picture. 
Resins and plastics are formed, without 
exception so far as we know, by ex- 
haustive polymerization of unsatu- 
rated hydrocarbons, usually olefins, 
either of the same molecule or of dis- 
similar molecules. These reactions oc- 
cur under a wide variety of conditions 
of temperature, pressure, and time 
and concentrations of reactants, with 
and without catalysts, so that further 
generalization regarding these reac- 
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tions and their products is difficult. 
The products vary from viscous liquids 
miscible with numerous solvents to 
extremely brittle solids insoluble in 
practically every known solvent, from 
water-white materials to those of the 
blackness of asphalt. They are used as 
resins in lacquers, as plasticizers in the 
same materials, for the preparation of 
all manner of commercial articles 
either in natural colors or colored with 
practically every known type of dye. 
The field is so complicated and so vast 
that only an authority conversant with 
all its branches can have a clear pic- 
ture of it. 


Frolich [Ind. Eng. Chem., 32, 293 
(1940) | summarizes 15 types of res- 
ins that are or can be made from pe- 
troleum raw materials: 


1. Natural resins precipitated from 
heavy fractions by light distillates, 
such as propane. 


























Two views of alcohol plant of 
Shell Chemical Company, Do- 
minguez, California, where vari- 
ous alcohols are made from 
olefin still gases. Above: Super- 
fractionation towers. Right: Re- 


action equipment 
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2. Resins from cracked tar con- 
densed with formaldehyde, HCHO, or 
ethylene chloride, C,H,Cl. 


3. Resins such as “Santoresin”, 
made by condensation of olefins and 
diolefins by aluminum chloride. 

4. Polystyrene, (C,H, —C.H,), 
by polymerization of styrene. Styrene 
can be produced by alkylation of ben- 
zene with ethylene. 

5. Polybutene, from isobutene poly- 
merization or with other olefins. These 
products range from viscous semi- 
solids or oils to hard products of 
300,000 or higher molecular weights. 


6. The Buna rubbers discussed 
above, made by polymerizing buta- 
diene, producible from n-butene, or 
acetylene. 

7. Neoprene from acetylene, also 
discussed above under synthetic rub- 
bers. 

8. Condensation of ethylene di- 


chloride or other chlorinated hydro- 
carbons with sodium polysulphide 
(Thiokol) . 

9. Polysulphones, by SO,-olefin re- 
actions. 

10. Vinyl resins, which are 
made from polymerization of viny] 
chloride, C,H,Cl, or vinyl acetate, 
C,H,OOCCH,. Both of these may be 
made from acetylene or ethylene. 

11. Alkyd resins, from polyhydric 
alcohols reacted with dibasic acids, as 
ethylene glycol made from ethylene, 
and glycerol made from propylene. 

12. Ethylcellulose, prepared by re- 
action of cellulose with ethyl chloride 
or sulphate made from ethylene. 

13. Cellulose acetate made with 
acetic anhydride and cellulose. Acetic 
anhydride may be made from pro- 
pylene, by alcohol-ketone synthesis. 

14. Acrylate and methacrylate res- 
ins, from various olefins. 

15. Phenol-formaldehyde resins, by 
condensing phenols such as C,H,OH, 
with formaldehyde, both derivable 


from petroleum. 


Polybutenes 

The polybutene polymers vary in 
molecular weight from 2000 to 10,000 
in the viscous liquids to higher than 
400,000 in Vistanex, a peculiar whitish 
mass that is dissolved in carrying liq- 
uids and added to lubricating oils to 
increase viscosity index, that is, to 
decrease the rate of viscosity change 
with temperature change. Determina- 
tion of molecular weights of these 
products is difficult, and different 
methods show different results. The 
apparent molecular weight of the ma- 
terials change when the products are 
“worked” or “milled” as in rubber 
manufacture. One sample of 200,000 
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m.w. after being milled for 5 min. 
showed a molecular weight of 163,000; 
after 35 minutes’ working at 240°F. 
the weight was only 144,000. For use 
in lubricating oil, polybutene solutions 
are sold as “Paraflow.” 

These materials are employed in lu- 
bricating greases and special products 
to increase the stringiness of the fin- 
ished material, giving greater clinging 
power to the lubricant. Polybutenes 
are added to asphalts to improve the 
penetration-softening point relation- 
ship, as addition of the polymer raises 
the softening point and increases pen- 
etration. The polymer is added to par- 
affin wax to decrease the penetrating 
power of the wax by raising its vis- 
cosity, and to decrease brittleness at 
low temperatures. [Ind. Eng. Chem. 
32, 299 (1940) ]. 


Vinyl Resins 

This class of resins is formed as a 
chain reaction, a large number of the 
starting molecules combining rapidly 
to form a long hydrocarbon chain. 
Rates of polymerization vary as the 
square root of the catalyst concentra- 
tion, and is doubled with each 14.4° 
F, rise in reacting temperature. [Ind. 
Eng. Chem. 32, 315 (1940) ]. Some 
impurities are said to retard the rate of 
reaction or to limit the size of the 
molecule formed. The resins’ solubili- 
ties in organic solvents vary inversely 
as the molecular weight. __ 

Vinyl chloride resins are strong and 
highly resistant to water and chemi- 
cals, but soften so slowly with rising 
temperature that decomposition occurs 
before the product can be molded. It 
must be mixed with a plasticizer such 
as tricresyl phosphate in order to per- 
mit it to be formed into commercial 
products. Polyvinyl acetate is weak and 
brittle and softens at low tempera- 
tures. Copolymer resins are formed 
from the two materials that have most 
of the good points of each without 
the bad features of either. To promote 
heat stability and prevent darkening 
at higher temperatures stabilizer com- 
pounds such as calcium and lead stear- 
ate, white lead, etc., are added in small 
amounts. 

The plasticized vinyl resin is used 
whenever greater stability to sunlight, 
oils and greases, and oxidation are re- 
quired than are obtainable in natural 
rubber. Wire insulation, impregnating 
cloths, tubing, shower bath curtains, 
and acid-resistant container linings are 
among the applications of this type. 

Copolymer resins are used in lower 
molecular weights (8500-9500) as 
surface coatings of all types, giving an 
extremely tough film. Spread in the 
form of ketone solutions and baked at 
elevated temperatures they are used for 


lining cans, coating aluminum foil, 
labels, asbestos, and other materials. 
Polymers of 9,500 - 10,500 m.w. are 
used to coat paper for all sorts of pur- 
poses, the resin being either calendered 
on the paper or spread by rollers from 
a solution, forming a coating about 
0.002-in. thick and hardening by sol- 
vent evaporation. A practically simi- 
lar product is used to manufacture 
phonograph records, and for floor tile. 
The records are said to be much 
stronger than those made from shellac, 
and to give better sound reproduction, 
for which reason they are used in mak- 
ing records for radio use. Slate flour 
and pigment of the desired color are 
mixed with the resin for a tough, re- 
sistant floor tile. 


In addition, for compression mold- 
ing a copolymer resin of 12,000-13,- 
000 m.w. is used as a stiff, gummy 
mass at the molding temperature. In- 
jection molding with 10,000-m.w. 
resin has proved to be a superior 
method and is now more generally 
used. Other products made commer- 
cially are synthetic textiles, prepared 
by extruding solutions of 16,000-23,- 
000 m.w. resins through spinnerets 
and removal of the solvent from the 
extremely fine fibers with warm air. 
Fibers that are much smaller in di- 
ameter than the finest of natural silk 
fibers can be so made; the product is 
waterproof and its wet and dry tensile 
strengths are practically the same as 
natural silk. Lastly, a copolymer con- 
taining 95 percent vinyl chloride and 
5 percent vinyl acetate, of 20,000- 
22,000 m.w. forms a superior coating 
for electric wire, the milled and plas- 
ticized mass being extruded around 
the wire in any thickness required. 


Polydihydronaphthalene 


Sodium napthalene polymerizes with 
isomeric dihydronaphthalenes to form 
thermoplastic resins or infusible solid 
resins. The 1,2-dihydronaphthalene 
produces a light-colored plastic that is 
viscous but fluid at room temperatures. 
The 1,4- isomer forms solids that are 
insoluble in most solvents but which 
can be placed in colloidal solution in 
halogenated aromatic liquids. Sodium 
is dissolved in dimethyl ether and re- 
acts with naphthalene. When treated 
with an ether solution of the 1,2- iso- 
mer and a small amount of water is 
added to hydrolyze the sodium catalyst 
a colorless powder is formed that chars 
at just below red heat without melt- 
ing. This product is nearly insoluble 
in all organic solvents, but when made 
in dimethyl glycol ether solution the 
product, although similar to that made 
in dimethyl ether, is more soluble. 
Treating the 1,2-dihydronaphthalene 


with 80 percent sulphuric acid pro- 
duces quantitatively a yellow liquid 
distilling at 235-250° C., which sepa- 
rates into two products, a liquid and 
a crystalline material, when allowed 
to stand; the yields are about equal. 

The 1,4- isomer is polymerized by 
the same procedure as that first de- 
scribed, using sodium naphthalene. At 
room temperature a nearly quantita- 
tive yield of a colorless solid melting 
at 100° C., with a molecular weight 
of 400-500, is obtained. Reaction is 
exothermic and must be cooled to keep 
it below about 50°C. If carried out at 
0°C., the reaction rate is slower and a 
product melting at 155-160°C. is 
formed. The materials are brittle, easily 
soluble in naphtha, turpentine, benzene 
and its homologs, chloroform, etc., but 
insoluble in water and alcohols. These 
resins appear to be mixtures of poly- 
mers containing from two to five 
molecules of the original material per 
molecule of the resin. The dihydro- 
naphthalenes may be formed by hydrol- 
ysis of sodium naphthalene, which 
produces the 1,4- isomer and which 
can be converted to the 1,2- product 
by treatment with sodium ethylate. 
Their structural formulas are as fol- 
lows: 


1,2-dihydronaphthalene 


1,4-dihydronaphthalene 
H, 

Petroleum-Formaldehyde Resins 

Extraction of refinery distillates 
with sulphur dioxide or phenol isolates 
aromatic products that may be con- 
densed with formaldehyde to form 
resins with the aid of a catalyst such 
as zinc chloride. Mixtures of the com- 
ponents are heated with the catalyst 
dissolved in glacial acetic acid for 6 
to 16 hours, and practically quantita- 
tive yields are obtained. Sulphur diox- 
ide extracts, boiling between 135 and 
270° C., show the best results, and the 
color of the resulting resins depends on 
the hydrocarbons used and on impuri- 
ties present in the reactants. The longer 
the heating time (under reflux) the 
darker the color. Meta-xylene after 
eight hours gave a resin having an X 
color by the resin standard, and a 
melting point of 115° C. Increasing 


the time to 16 hours reduced the color 
to N grade, and raised the melting 
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ERE in a permanent, cloth-bound vol- 

ume you have the most exhaustive 

and useable treatise ever published on 

the application of welding fittings and 
forged steel flanges. 

Beyond the particularly complete and 
clear dimensional and price data cover- 
ing Taylor Forge WeldELLS and Forged 
Steel flanges, its 216 pages contain en- 
gineering data that will prove invaluable 
to the man who purchases, designs or 
specifies piping, fittings and flanges in 
carbon and alloy steels. 


216 PAGES OF 
VITAL FACTS 





Among the subjects presented are case 
studies of flexibility in welded piping, 
comparisons of theoretical with test re- 
sults, flange bolting data, complete data 
on standards, pressure and temperature 
ratings, sub-normal impact testing data— 
in fact, far more information on welding 
fitting and flange application than was 
ever before published in one volume. 

This book is available without charge 
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point to 125° C. Ferric chloride is a 
stronger catalyst than is zinc chloride, 
but aluminum, tin, calcium, magne- 
sium, and mercury chlorides showed no 
catalytic effect. | Ind. Eng. Chem., 32, 
304 (1940) J. 

These products have molecular 
weights of 700 and higher, when made 
from low molecular-weight aromatics, 
and are hydrocarbons with melting 
points to 140° C. They give varnishes 
with, medium toughness, are not espe- 
cially water-resistant, and have good 
color and adhesive properties although 
darkening somewhat as they age. 

The extracted material from heavy 
oils when using extraction solvents in 
refining lubricating oils may be con- 
densed with formaldehyde by chlori- 
nation and treating with the aldehyde 
in the presence of aluminum, ferric, 
or zinc chloride. The resins vary in 
color and hardness, may be partly de- 
colorized by dilution in’ naphtha and 
treatment with acid followed by clay 
filtration. 


Miscellaneous Products 


In addition to the synthetic prod- 
ucts derived from petroleum interme- 
diates, a host of other commercial 
products are isolated from petroleum. 
Naphthenic acids are recovered from 
various distillates by treatment with 
dilute sodium hydroxide and acidifi- 
cation with sulphuric acid, releasing 
the acids from their sodium salts. They 
may also be recovered from the caustic 
“sludge” remaining in the bottom of a 
still, when caustic has been added to 
heavy oil before distillation, by acidi- 
fication, washing, and redistillation to 
separate the different products. Reduc- 
tion of these acids derived from Gulf 





Coast crude showed them to consist of 
cyclic nuclei of five and six carbon 
atoms joined directly by bonds be- 
tween nuclear carbons or sharing two 
carbons as the connecting link. Mix- 
tures of five- and six-carbon rings were 
found in the same molecule as well as 
molecules of two or more rings of 
either five or six carbons. [Ind. Eng. 
Chem. 32, 499 (1940) |. 

Recently phenol and several organic 
acids were isolated from the caustic 
wash from a mixture of light straight- 
run and cracked burner oil distillates 
from Texas crudes |[Ind. Eng. Chem., 
Analyt. Ed. 12, 262 (1940) ]. These 
acids include n-butyric, n-valeric, n- 
octanoic, hexahydro-p-toluic and di- 
methylmaleic. More recent opinions, 
as pointed out by these investigators, 
have been that true naphthenic acids 
have the cyclopentyl nucleus rather 
than the cyclohexyl, inasmuch as none 
of the latter had been isolated. Identi- 
fication of this cyclohexyl acid, with 
the probable isolation of its meta 
isomer from the same source, proves 
the hexyl or six-carbon saturated ring 
structure for at least one naphthenic 
acid nucleus. 

Phenols may be recovered from pe- 
troleum fractions by percolation 
through dilute caustic solution or by 
washing with the same solution, 
cracked distillate from California 
heavy oils yielding comparatively 
large quantities. The phenols, freed 
from the sodium salts so formed, show 
a higher toxicity than commercial 
grades, and are considered of high ef- 
ficiency in making fly sprays, germi- 
cides, fungicides, etc. They contain 
cresylic acids, xyenols, and pseudo- 
cuminol; inhibit gum formation in 





Petroleum From Sparta-Wilcox Fields Analyzed 


HE discovery, within the last two 

years, of six oil fields that pro- 
duce from the Sparta and Wilcox 
sandstone beds of Eocene age has stim- 
ulated interest among oil prospectors 
in a belt of land about 50 miles wide, 
and 500 miles long, extending from 
Goliad County in South Texas east- 
ward through Texas, Louisiana, and 
into Mississippi. The six fields are 
Segno, Polk County, Texas; Joe’s Lake, 
Tyler County, Texas; Bancroft, Beau- 
regard Parish, Louisiana; Ville Platte, 
Evangeline Parish, Louisiana; Cheney- 
ville, Rapides Parish, Louisiana, and 
Eola, Avoyelles Parish, Louisiana. 


Samples of crude oil from Sparta 
and Wilcox formations, produced in 
the Segno, Joe’s Lake, Ville Platte, and 
Eola fields have been collected and an- 
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gasoline, and may be used as flotation 
agents, forming frothy mixtures with 
water that carry the desired sulphides 
to the top and drop the ore gangue to 
the bottom. 


An important family of products 
are made from petroleum hydrocar- 
bons by halogenation of various frac- 
tions or pure hydrocarbons. Aliphatic 
chlorides, from methyl! chloride to 
amyl chloride, are made on a commer- 
cial scale. From the higher molecular- 
weight hydrocarbons an exhaustive se- 
ries of alkyl halides is prepared that is 
of the greatest importance in industry 
as solvents, intermediates, and dilu- 
ents. Alcohols in a great variety are 
made by hydrolysis of these halides. 


These brief descriptions of some of 
the synthetic and natural products 
that may be derived from petroleum 
hydrocarbons in addition to the large- 
volume staple products, fuels, and lu- 
bricants, make no pretense of covering 
the field. These data have been pre- 
sented here to give a brief glimpse of 
the possibilities of an industrial chem- 
istry based on petroleum as the “mine” 
from which raw materials in an incal- 
culable number of types may be drawn 
at will, if we can perfect the method 
by which they are to be isolated. When 
we realize that such “natural” prod- 
ucts as butter can be produced syn- 
thetically from petroleum relatively 
easily from the technical standpoint, 
and that the surface of this field of 
synthetic petroleum chemistry has 
hardly been touched as yet, we gain 
some idea of the enormous possibili- 
ties that lie in future developments 
and realize that petroleum chemists 
shall not want for something to study. 





alyzed by the U. S. Bureau of Mines. 
The sample from Segno field, Polk 


County, Texas, and the sample from 
Joe’s Lake field, Tyler County, Texas, 
are intermediate in characteristics, con- 
tain less than 0.1 percent sulphur, are 
brownish green in color, and have car- 
bon residues of less than 1 percent. 
These two samples differ in that, by 
the Bureau of Mines Hempel method 
of analysis, the sample from the Segno 
field contains 27.1 percent gasoline 
and naphtha, 4.4 percent kerosine, and 
52.2 percent of gas oil and heavier dis- 
tillates, whereas the sample from Joe’s 
Lake field contains 41.4 percent of 
gasoline and naphtha, 10.9 percent 
kerosine, and 32 percent of gas oil and 
heavier distillates. 


The sample from the Ville Platte 


field, Evangeline Parish, Louisiana, has 
a gravity of 40.4° A.P.I., is greenish 
black in color, contains 0.11 percent 
sulphur, and has a carbon residue of 
1.3 percent. The sample has a paraffin- 
intermediate base, contains 28.8 per- 
cent of gasoline and naphtha, 17.5 
percent of kerosine, and 30.8 percent 
of gas oil and heavier distillates. 

The sample from the Eola field, 
Avoyelles Parish, Louisiana, has a grav- 
ity of 44.1° A.P.I., is brownish green 
in color, contains less than 0.1 percent 
sulphur and has a carbon residue of 
0.4 percent. Distillation by the Bureau 
of Mines Hempel method indicates 
that it contains 34.9 percent of gaso- 
line and naphtha, 18.1 percent of kero- 
sine, and 30.1 percent of gas oil and 
heavier distillates. The oil has a paraffin 
base. 
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Calculating Current and 
Potential Distribution in 
Cathodic Protection 

Systems 
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Formulas based on data obtained in 

field facilitate prediction of require- 

ments for protection and are useful in 
following performance of coatings 


By WALTER F. ROGERS 


Gulf Oil Corporation 


T has been stated in previous articles 
that there is considerable field 
evidence that the maintenance of a 
potential of 0.80 v. for a well-coated 
pipe results in corrosion protection. 
The current density-protection tests 
for bare or poorly coated pipes show 
that 16 milliamp. per sq. ft. will give 
99 to 100 percent protection although 
the pipe potential may be less than 
0.80 v. This is an extremely large 
amount of current, amounting to ap- 
proximately 200 amp. per mi. of bare 
8-in. pipe, and it is customary to take 
a smaller amount of protection (63.5 
to 71.5 percent) with 4 milliamp. 
per sq. ft. In this case the pipe poten- 
tial may range from 0.03 to about 
0.39 v. greater than the original pipe 
potential. 

These current and voltage values 
for desired protection having been es- 
tablished, it is of interest to determine 
how they can be calculated for a pipe 
line without having to resort to time- 
consuming welding machine tests in 
every case. 

It is possible to derive an equation, 
equation (3), that fits the case when 
the pipe is well insulated with a good 
coating. Fig. 1 represents the distribu- 
tion of current in an electrical drain- 
age scheme. Here the current leaves the 
anode and flows to the pipe cathode. 
The current leaves the anode radially 
and collects on the pipe in the same 
manner. The amount of current that 
collects on the pipe and flows to the 
drain wire leading to the power source 
is controlled by the resistance of both 
the earth and the pipe. If the pipe is 
well coated the greater amount of the 
earth resistance is in the coating. The 
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pipe-to-soil potentials can then be de- 
termined in the soil above or to one 
side of the pipe and in that part of 
the electric field that approaches the 
pipe radially. 


Referring to Fig. 1: 


I= current in the pipe at any 
point. 
I, = total current arriving at the 
drain wire 
where: 


x = any distance along the pipe 
from the origin. 


V = potential drop between the 
earth and the pipe at any 
point. 


V. = potential drop between the 
earth and the pipe at the 
origin where x equals zero. 


Then the voltage of the pipe, V, at 





Fig. |. Plan view of cathodic 
protection system 
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the surface, dx, is proportional to the 
current received and the constant re- 
sistance of the earth path, K, or: 


dl 
V=—K  =y + & (1) 
dl V 
=. CU .e 8 © 8 «8 -(2) 


The sign is negative because the volt- 
age decreases with distance x from the 
origin, x = 0. 

Likewise the drop of voltage along 
the pipe at any point is proportional 
to the current flowing through the 
volume element of pipe of surface dx 
and the unit resistance of the pipe or: 


OV cme Biie . 2. « « « 8) 
where: 


A = resistance in ohms of unit 
length of pipe of given di- 
ameter and weight. 


dV 


Fea Ale ee eee A) 


The sign is minus because the cur- 
rent on the pipe decreases with dis- 
tance from the origin. 
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@ Whether it is drilling or making round trips Hazard LAY- 
SET Preformed Rotary Lines are so completely ‘‘at ease’ they give 
much longer and faster service. ‘‘At ease’’ is just another way of saying 
that Hazard LAY-SET is preformed; that it is free of the locked-up 
stresses which cause crankiness, whipping and kinking tendency. Being 
preformed at the mill, LAY-SET is a flexible, easy-to-handle line—a 
line that resists rotating in sheave grooves and has amazing resistance 
to bending fatigue. Having little tendency to whip, Hazard LAY-SET 
spools better. And it’s safer for the derrick man because broken wires 
lie flat and in place—refusing to wicker out to tear hands and damage 
both itself and machinery. For your next rotary drilling line specify 
Hazard LAY-SET Preformed and benefit by its greater dollar value. 


HAZARD WIRE ROPE DIVISION 
Established 1846 « Wilkes-Barre, Pennsylvania 
Branches or Distributors in All Important Oil Fields 
In Business for Your Safety 
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Differentiating equation (4): 


d*V Adl d 

dxt Stix 
db eV , 
dx Adx* * * ° (3) 


Substituting equation (5) in equa- 
tion (2): 
d*V AV 

a Se, 


dx? 
One solution of this differential 
equation is: 


—pLx 


V= Ve (7) 
The proof is: 
dV —px 
—pV,e ‘ 
dy er 
ind 


d*V ' —x 
—— "Vee t 
dx* 


(8) 


(9) 


Substituting in equation (6) where 


—pX | 


V= Ve 


. — AX A —[AX 
*Voe ' — K Ve t 


and 


on AL 
=_ oe # =_ K (10) 


Taking equation (7) to log base e: 


Loge (11) 


V 
yo — MX - 

Equation (7) shows how the data 
obtained in the field may be treated to 
predict voltage changes from those 
measured. If the pipe-to-soil potentials 
beginning at any origin V,, are meas- 
ured at points V and the correspond- 
ing distance x in ft. from the origin 


V 
is noted, the ratio vy. may be plot- 


0 
ted against x and the value of p, the 
slope, determined. The values V and V, 
are the changes in potential before and 
after current drainage and not the full 


ry 
voltage readings. As p= \ K 


and as A (the pipe resistance) is deter- 


mined from tables, K (the earth re- 
sistance) in ohm-ft. may be calculated. 


If instead of desiring the voltage of 
the pipe to soil at any point it is de- 
sired to know the value of the current 
flow on the pipe this may be calcu- 
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Fig. 2. Determination of K for coal- 
tar enamel and asbestos felt 


es 





lated. It is seen from equations (3) 
and (7) that: 


1 dV 


I=— = es 
A dx (3) 
and 

V=Vee, «2... (7) 
therefore: 

dV —Ux 

qn = — pVve , s « « @&) 


and substituting in equation (3): 


pL “= 
I=—“Vee (12) 
where: 
2=8,i1=-1], 
and 
ee ee (13) 
I 
we obtain: 
a. (—-Ai,) e~F* 
OA m (14) 
or 
ixl¢ — (15) 
and taking logs to base e: 
Leg, — = px (16) 


I 


If current values in amp. are meas- 
ured along the pipe and the correspond- 
ing distances x in ft. are noted, the 
ratio log. I,/I may be plotted against 
the distance x and the values of » and 
K determined as before. 


A third relationship may be calcu- 
lated combining both current and 
voltage measurements. It may be de- 
sired to calculate pipe-soil voltage 
drops from known values of current 














Fig. 3. Breakdown with age of 
electrical resistance of coating 
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flow from the anode. This is done 
thus: 


Ms 2 « « « ~ 


V=Vec | 
Al, 
.=— a Ve and V, = — : 
(13) 
—px 
Al, 
v=— (17) 
and 
y —— Ale | A.K Le 
AL A 
Vk 
or 
V=— AK Le (18) 


From equation (18) the pipe-soil 
voltage change may be calculated for 
any anode current output and thus 
the current required to develop the 
desired soil potential at any distance 
x from the origin may be determined. 


It is of interest to apply equations 
(7), (15), and (18) to field measure- 
ments along pipe lines and determine 
their applicability. 

Such measurements were first made 
on a single 8-in. line that had been 
coated with a coal-tar enamel and as- 
bestos-felt wrapper. In this test the 
windmill protecting the line was shut 
down and the pipe initial potentials 
read at different values of x. A con- 
stant current of 6 amp. was then al- 
lowed to flow from a storage battery 
source of power. After two hours the 
pipe potentials were again read. The 
data for the points west of the wind- 
mill are shown in Table 1 and in 
Fig. 2. 
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TABLE | 
Determination of 4 and K for well-coated line 
Lucas-Orange 
Line coated: Coal tar enamel and spirally applied asbestos felt, 7-15-36 
Test made: 8-25-38 


ree | punttaa | | | 
| | otenti . r 
Feet from | potential, | “6 amp. | V ve Log, Me 
origin | no current | on 2hr.) | 
| (Volts) | (Volts) _ a ae: 
0 0.55 0.73 0.18 1.00 0 
500 0.53 0.70 0.17 1.06 0.058 
1000 0.55 0.70 0.15 1.20 0.182 
1500 0.54 0.68 0.14 1.29 0.252 
2000 0.54 0.67 0.13 1.39 0.329 
2500 0.54 0.65 0.11 1.64 0.495 
3000 0.53 0.64 0.11 1.64 0.495 




















Reference to Fig. 2 shows that 
within reasonable limits of accuracy a 
straight line satisfactorily fits the 
points obtained. The resulting value of 
w=1.87 X 10-4 and with A=7.6 X 
10—* ohms per ft., the value of K (the 
earth resistance between the electrode 
and the pipe) becomes 217 ohm-ft. 
With K known it is possible to sub- 
stitute different values of current in 
equation (18) and determine the cor- 
responding distance at which the min- 
imum desired additional potential of 
0.25 v. (total of 0.55-+-0.25=0.80 v.) 
is obtained. From this it is possible to 
determine the spacing and size of d-c. 
equipment to protect any given length 
of this pipe. The data thus show that 


equations (7) and (18) hold for well- 
coated pipe. 

These equations are also very useful 
in following the performance of a 
coating. So long as a coating remains 
intact it will maintain its original 
resistance or value of K. If soil condi- 
tions tend to destroy the coating this 
will be reflected by the K value show- 
ing a decrease with time. Fig. 3 shows 
the results of such measurements made 
cn a pipe-line coating at two intervals 
of time. One curve is the result ob- 
tained when values of ‘yo 
were plotted for the coating from data 
obtained at two different places. The 
coating had only been in service 6 


versus X 
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Fig. 4. Pipe-soil potentials and current pickup, Sour Lake-Luling test section 
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Loge Ig/1 (Curve 2) 


months at one place and 1 month at 
the other when the tests were made. 
It is interesting that a single straight 
line fits the data from both places to 
give a K value of 91.5 ohm-ft. The up- 
per curve is a repetition of the same 
test on this coating in one of the two 
original locations 2'/, years after the 
first test was made. The coated pipe in 
this location lies through the edge of a 
swamp. It is seen that during the 
elapsed time the coating deteriorated to 
a K value of 25.2 ohm-ft. This per- 
formance is considered so poor that this 
type of coating is no longer used. The 
ability to follow the performance of a 
coating by this method is a powerful 
tool for studying coating performance. 
It permits an electrical examination of 
the coating over a great length without 
having to dig bell holes or otherwise 
disturb the coating. This ability to ob- 
tain data over a large area eliminates 
variations obtained at single test points. 
The data are definite and clearcut and 
of immediate interpretation. It is only 
necessary to have at least 4 to 4 mi. 
of the coating in order to obtain the 
proper number of points. 


Data have also been obtained on 
bare lines to determine if the relation- 
ships of equations (7) or (15) hold 
for them. That this is a possibility may 
be realized by recognizing the soil as a 
coating. This coating is one with an 
intermediate resistance value between 
that of the pipe and that of a good 
coating. A test was made on a half- 
mile section of bare 8-in. pipe. A 
current of 15 amp. was put on this 
pipe and the drain taken at one end. 
The pipe potentials were measured 24 
hr. later. In addition the current flow 
along the pipe was measured at 300-ft. 
intervals. The data are listed in Tables 
2A and 2B. The values of V,/V versus 
x and I,/I versus x are plotted in Fig. 
4. Examination of these curves shows 
that the voltage relationship is ex- 
tremely erratic and no value of K rep- 
resentative of the data may be obtained. 
The current flow relationship, however, 
is entirely different. A straight line 
is readily drawn to fit the points. From 
this curve a value of K = 11.8 ohm- 
ft. results. These data show again the 
variability of potential values for un- 
coated pipes in soils. The I,,/I relation- 
ship, however, shows that the current 
pick-up of this line may be calculated 
after the K value is determined. 


A similar set of data was obtained 
for a set of 7 multiple lines (three 8- 
in. pipes and four 10-in. pipes). Cur- 
rent in the amount of 52.3 amp. was 











placed on the pipes on one side of the 
drain and the total current flow in the 
pipes from the rectifier to half-way to 
the next rectifier (660 ft.) was mea- 
sured. The current flow measurements 
are given in Table 3 and shown in Fig. 
5. The latter shows that a straight line 
relationship fits the data very well. 
The value of K so determined is 3.48 
ohm-ft. Here again, and for a low 


resistance soil, it was demonstrated that 
from a knowledge of K for a soil the 
current pick-up of a pipe can be cal- 
culated. 

It is possible to calculate the value 
of K for a soil directly from its resist- 
ance measurement. Fig. 6 shows the 
usual geometric relationships involved 
in making pipe-to-soil potential meas- 
urements. The resistance of the annular 





Pipe 
potential 
(15.0 amp. 
on 24 hr.) 

(Volts) 


20 1.14 
120 0.59 
220 0.57 
320 | 0.50 
420 0.51 
520 | 0.69 
620 0.53 
720 0.57 
820 0.63 
920 55 

1020 89 

1120 02 

1220 65 

1320 48 

1420 
1520 
1620 
1720 
1820 
1920 
2020 
2120 
2220 
2320 
2420 
2520 
2620 


Location 
ft. from 
drain 


-~ 
— 


56 
53 
57 
51 
54 
46 
56 
.40 
64 
.49 
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TABLE 2A. 
Pipe-soil potentials, 8-16-38 


Change in 
potential 
(Volts) 


0. 
0. 
0.1% 
0. 
0. 
0. 
0. 2¢ 
0.% 
0. 
0.3% 
06 
0. 
0. 
0.2% 
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Fig. 5. Determination of K from current flow measurements 
poorly coated pipe 


2.00 





-— Formula: I =Ige-** 


rT K = 3.48 ohm-Fft. 


Data from El Vista -Olean system 


= nA. Slope = 1.92 «1073 


A= 7.6*\0~© ohms per ft. 
















































































p - 
Resistance of annulus* oq] loge 


Fig. 6. Geometric relationship of 
pipe and copper sulphate electrode 
in making soil-pipe potential 
measurements 











space between the pipe exterior, r,, and 
a radius, r,, corresponding to the dis- 
tance from the pipe center to the cop- 
per-sulphate electrode may be calcu- 
lated from the equation: 


(19) 


Pp I, 
R =—— log. 
2aL ® r; 


where 
p = resistivity of soil, ohm-ft. 
R = résistance, ohms 
L = 1 ft. of pipe length 
r, — pipe radius, ft. 


r, — radius of pipe center to copper- 
sulphate electrode, ft. 


For normal depth of pipe, r, = 16 
in., for an 8-in. pipe, r, = 4 in., and 
for 1 ft. of length the equation re- 
duces to: 


R = p log, 4 = 0.21? (20) 


For a bare pipe the substitution of 
the soil resistance in equation (20) 
gives a resistance that should be the 
same as K determined from equations 
(7) or (15). The only difference is 
that K carries the unit ohm-ft. and R 
carries the unit ohms. The elimination 
of the constant L = 1 ft. in equation 
(19) or realizing that V in equation 
(7) can be for 1 ft. of pipe would 
give R the same units as K. 


It must be understood that equations 
(7) and (18) permit a calculation to 
be made only of the actual potential 
drop between the pipe and the elec- 
trode. It does not allow the calculation 
of nor does it show any potential that 
might be developed through the plat- 
ing of hydrogen on the pipe surface. 
The actual change in pipe face voltage 
may therefore be calculated by sub- 
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TABLE 2B. 
Pipe current pick-up 

Loca- Curre 
; tion, Se a lo Log. lo 
it. from I ] 

drain aap 
300 16.1 1.00 0 
400 15.4 1.04 0.039 
700 12.7 LZ 0.239 
1000 9.9 1.63 0.489 
1300 8.9 1.81 0.593 
1600 6.5 2.48 0.908 
1900 3.9 4.13 1.42 
2200 3.1 5.20 1.64 











tracting the IR potential drop from 
the overall potential drop measured. 
Measurements have been obtained on 
several lines to show the:similarity of 
R and K and to show how the pipe 
face potential changes when acting as 


/. 


a cathode. For the 2 mile of bare-pipe 
data given in Table 2, the 15 amp. per 
mi. current represents 0.00567 amp. 
per lineal ft. of pipe. From soil resis- 
tivity measurements in the field using 
a megger apparatus the soil was found 
to have a resistivity of 67.20 ohm-ft. 

R = 67.20 X 0.21 = 14.7 ohms. 

The calculated average voltage drop 
is 0.00567 * 14.7 = 0.083 v. 

The actual measured voltage for this 
quantity of current is 0.328 v. 

The change at the cathode face then 
is 0.328 — 0.083 — 0.245 v. 





It is interesting to compare the value 
of R and the value of K for this soil. 
R, as determined from soil resistivity 
measurements, is 14.7 ohms, and K 
from I,/I vs. x = 11.8 ohm-ft. In 
this case the K is slightly lower than 
R, indicating that even though a hy- 
drogen build-up occurred on the pipe 
face it was of insufficient thickness 
and continuity to increase the circuit 
resistance. 

Similar data have been obtained for 
the 7 parallel lines for which the data 
are given in Table 3. The resistivity of 
the soil at saturation is 16 ohm-ft. 

R =16 X 0.21 = 3.5 ohms. 


When the current is 50 amp. per mi. 
of 8-in. pipe the current per lineal ft. 
is 0.0095 amp. The calculated voltage 
drop is 3.5 X 0.0095 = 0.033 v. The 
actual voltage change measured is 0.46 
v. The voltage change at the pipe face 
is 0.46 — 0.033 = 0.43 v. Comparing 
R and K, R = 3.5 ohms and K = 3.48 
ohm-ft. Here again it is seen that al- 
though a high overvoltage of hydrogen 
was developed on the pipe face it was 
of insufficient resistance to increase the 
circuit resistance K above R. 


This latter condition is not always 
the case for in some localities it has 
been found that K is double that of R. 
This could occur either when the soil 
resistivity is less than that at satura- 
tion or when a sufficient hydrogen film 








TABLE 3 

Current pick-up on Lucas-Olean system 

a. | Current | | 
from rad Io |Log Io 
unit | P!Pes, I ai i 

ome.) oe | 

32.00, ft. | - 
50 | 52.3 | 1.00 0 
100 | 47.6 Ri 0.104 
200 | 21.1 1.27 | 0.239 
300 | 34.5 | 1.51 | 0.412 
660 | 18.1 3.47 1.244 

















is built on the pipe to increase the cir- 
cuit resistance. In general, however, 
values of R obtained by measurement 
of soil resistance may be substituted in 
equation (15) for K and the current 
flow on the pipe determined at any 
point. It is not possible to use equation 
(7) to predict for bare pipe the pipe 
voltage because of the potential change 
at the pipe face. 
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Leak in High-Pressure Pipe Repaired 


O stop a leak in an 8-in. oil pipe- 

line operating at a pressure of 800 
lb. per sq. in. requires ingenuity. The 
welding operator pictured here, 
equipped with a 300-amp. gasoline- 
engine-driven G-E welder with W-20 
electrodes, did the job in a simple, ef- 
ficient way. 

To make the repair, a collar of steel 
was wrapped around the pipe at a 
point a little beyond the leak and the 
ends of the collar were butt-welded 
together. Next, the collar was slipped 
along the pipe until it covered the 
leak. To permit the leaking oil to 
escape without interfering with weld- 
ing operations, the collar was provided 
with a tapped drain hole midway be- 
tween its ends. Upon completion of 
both circumferential collar-to-pipe 
welds, a pipe plug was screwed into 
the drain and the repair was com- 
pleted. 
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by Arc-Welding 


Oi: pipe line being arc-welded while running oil under pressure of 
800 lb. per sq. in. (Photo courtesy General Electric Company) 
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TE Potroleum 
Engineer’s 
CONTINUOUS TABLES 


A DAILY REFERENCE FOR OPERATING MEN 
INSTALLMENT No. 42 


HE tables on the following pages are designed to save time and effort for the technician, 

and to assist the practical field or plant worker to sclve problems commonly encountered 
in routine work. They are not intended nor expected to supplant technical training and make every 
man his own designer. Most of the tables can be understood and applied by anyone acquainted 
with the simple fundamentals of mathematics. 

For the convenience of readers who wish to refer to the tables, each page carries in the upper 
right corner an index number that classifies the table according to subject matter. 

All petroleum engineering literature may be indexed for reference according to the Dewey 
Decimal System as modified and extended for the petroleum industry by L. C. Uren, professor of 
engineering at the University of California. When classified according to these index numbers the 
material follows in a logical sequence and falls into several natural divisions, as illustrated by 
the following outline: 

Nos. P000-P339—General 

Nos. P400-P499—Drilling 

Nos. P500-P599—Production 

Nos. P600-P699—Transportation and Storaye (includes Pipe Line) 

& Nos. P700-P799—Refining, including 
Nos. P770-P799—Natural Gasoline, which may be classified in a separate division 
(as shown here) if of special interest to the user. 


PL LBB PPP PPP PP 


To aid the reader in using the Decimal system, a subject index arranged alphabetically 
has been published, and is available from The Petroleum Engineer. 


INDEX TO TABLES“ 








Title of Table Index No. Page Issue | 
Total engine cylinder cycles per 24-hr. day P 252.1 83 Oct. | 
Velocity of fluid through annulus between 27s-in. drill pipe 

and open hole, ft. per sec. (sheet 1) P 425.218.150.29 77 Aug. 
Velocity of fluid through annulus between 27s-in. drill pipe 
and open hole, ft. per sec. (sheet 2) P 425.218.150.29 87 Oct. 
Velocity of fluid through annulus between 5 °;-in. drill pipe 
and open hole, ft. per sec. (sheet 2) P 425.218.150.56 59 July 
Velocity of fluid through annulus between 65%-in. drill pipe 
and open hole, ft. per sec. (sheet 1) P 425.218.150.66 65 July 
Velocity of fluid through annulus between 65%-in. drill pipe 
and open hole, ft. per sec. (sheet 2) P 425.218.150.66 57 July 
Velocity of fluid through annulus between 75-in. drill pipe 
and open hole, ft. per sec. (sheet 1) P 425.218.150.76 63 July 
Velocity of fluid through annulus between 75%-in. drill pipe 
and open hole, ft. per sec. (sheet 2) P 425.218.150.76 81 Aug. 
Velocity of fluid through annulus between 8%-in. drill pipe _ a | 
and open hole, ft. per sec. P 425.218.150.86 5 Aug. 
Drilling rates and table speeds converted to ft. drilled : | 
per 1000 revolutions (sheet 1) P 425.261. 69 Sept. | 
Drilling rates and table speeds converted to ft. drilled 
per 1000 revolutions (sheet 2) P 425.261. 81 Oct. 
Drilling rates and table speeds converted to ft. drilled 
per 1000 revolutions ; eo (sheet 3) P 425.261. 69 Nov. 
Drilling rates and table speeds converted to ft. drillec 
oar 1000 revolutions (sheet 4) P 5.288. ot —_ 
. Total revolutions of rotary table reduced to r.p.m. (sheet 1) P 425.262. 79 Sept. 
4 Total revolutions of rotary table reduced to r.p.m. (sheet 2) P 425.262. ) Nov. 
Total revolutions of rotary table reduced to r.p.m. (sheet 3) P 425.262. 81 Dec. 
Total revolutions of rotary table reduced to r.p.m. (sheet 1) P 425.263. 7 Oct. 
Total revolutions of rotary table reduced to r.p.m. (sheet 2) P 425.263. 75 Nov. 
Total revolutions of rotary table reduced to r.p.m. (sheet 3) P 425.263. 9 Dec. 
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Title of Table 
Length of tubing strings occupied by cement slurry 
Length of casing strings occupied by cement slurry 


Volume in gal. of acid and other liquids contained in tubing strings 
Volume in gal. of acid and other liquids contained in tubing strings 


Velocity of flow, ft. per sec., through 14%4-in. tubing 

Velocity of flow, ft. per sec., through annulus between 11'4-in. 
and 2-in. tubing 

Velocity of flow, ft. per sec., through annulus between 1%-in. 
and 2!4-in. tubing 

Sizes, weights, and strengths—plain-end line pipe 

Sizes, weights, and strengths—plain-end line pipe 

Sizes, weights, and strengths—plain end line pipe 

Sizes, weights, and strengths—plain end line pipe 

Sizes, weights, and strengths—plain-end line pipe 

Gravity of dry oil in oil-water mixtures, deg. A.P.I. 

Factors to correct oil volumes for temperature and 
B. S. & W. content 

Factors to correct oil volumes for temperature and 
B. S. & W. content 

Pressure extensions—orifice meter calculations 

Saponification numbers—oils containing 0.1 to 30% fatty oils— 
Method A 

Saponification numbers—oils 
Method A 

Saponification numbers—oils containing 
Method A 

Saponification numbers—oils containing 
Method A 


containing 0.1 to 30% fatty oils— 


Saponification numbers—oils containing more than 30% fatty oils— 


Method A 

Saponification numbers—oils containing 
Method A 

Heat content of hydrocarbon vapors and liquids, B.T.U. per Ib. 


*This index will be revised monthly. The index for installments 1-12, inclusive, 


sive, in the June, 1939, issue, and 25-36, inclusive, in the June, 1940, issue. 


more than 30% fatty oils— 


more than 30% fatty oils— 


more than 30% fatty oils— 


(sheet 1) 
(sheet 2) 
(sheet 1A) 
(sheet 2A) 
(sheet 2) 
(sheet 3) 
(sheet 4) 
(sheet 5) 
(sheet 6) 
(sheet 1A) 


(sheet 2A) 
(sheet 5) 


(sheet 5) 
(sheet 6) 
(sheet 1) 
(sheet 2) 
(sheet 3) 
(sheet 4) 


Index No. 


P 444.32 


P 
P 
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P 


444.4 
532.91 
532.91 


§33.300.125.1 


533.300.125. 


§33.300.125. 


615.23 
615.23 
615.23 
615.23 
615.23 
677.410.30 
677.411. 


677.411. 
683.32 


747,501.10 
747.501.10 
747.501.11 
747,501.11 
747,501.11 


747.507.11 


P 771. 


will be found 





Page Issue 
75 Oct. 
af Nov. 
71 Sept. 
85 Dec. 
69 Aug. 
73 Aug. 
75 Sept. 
53 July 
73 Sept. 
71 Nov. 
83 Dec. 
87 Dec. 
61 July 
77 Dec. 
89 Dec. 
85 Oct. 
55 July 
79 Aug. 
77 Sept. 
81 Sept. 
79 Oct. 
73 Nov. 
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in the May, 1938, issue; 13-24, inclu- 


INDEX TO ADVERTISERS IN TABLES 


Air Reduction Sales Co. 

Air Reduction Sales Co. 
American Steel & Wire Co. 
American Steel & Wire Co. 
Bantam Bearings Corp. 
Bantam Bearings Corp. 
Bantam Bearings Corp. 
Bantam Bearings Corp. 
Bantam Bearings Corp. 
Bantam Bearings Corp. 
Bethlehem Steel Company 
Chapman Valve Mfg. Co. 
Chapman Valve Mfg. Co. 
Chapman Valve Mfg. Co. 
Chicago Bridge & Iron Co. 
Climax Molybdenum Company 
Climax Molybdenum Company 
Crane Company 

Crane Company 

Cummins Engine Co. 
Dearborn Chemical Company 
Dearborn Chemical Company 
Diamond Chain & Mfg. Co. 
Diamond Chain & Mfg. Co. 
Diamond Chain & Mfg. Co. 
Dowell, Inc. 


Hazard Wire Rope Division of American Chain & Cable Co., Inc. 
Hazard Wire Rope Division of American Chain & Cable Co., Inc. 


Hughes Tool Company 

Hyatt Bearings Division, General Motors Sales Corp. 
Hyatt Bearings Division, General Motors Sales Corp. 
Hyatt Bearings Division, General Motors Sales Corp. 
Lunkenheimer Co. 

Lunkenheimer Co. 

Mission Manufacturing Co. 

Reed Roller Bit Company 

Security Engineering Co. 

Staynew Filter Corp. 

Trinity Portland Cement Co. 

Universal Atlas Cement Co. 

Universal Atlas Cement Co. 

Universal Atlas Cement Co. 


Page = Issue 

(sheet 2) 82 Sept. 
(sheet 5) 86 Oct. 
(sheet 1A) 74 Aug. 
(sheet 2) 88 Oct. 
(sheet 1) 64 July 
70 Aug. 

(sheet 2A) 76 Sept. 
(sheet 1) 78 Oct. 
(sheet 4) 82 Nov. 
(sheet 2A) 90 Dec. 
(sheet 3) 80 Dec. 
(sheet 6) 80 Aug. 
(sheet 3) 80 Oct. 
(sheet 4) 74 Nov. 
72 Aug. 

(sheet 1) 80 Sept. 
(sheet 2) 76 Nov. 
(sheet 5) 56 July 
(sheet 4) 72 Nov. 
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(sheet 1) 78 Sept. 
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(sheet 2) 86 Dec. 
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(sheet 2) 82 Aug. 
84 Oct. 

76 Oct. 

(sheet 1) 66 July 
(sheet 1) 76 Aug. 
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425.218.150.76 
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PARKERSBURG PUMPERS, a product of 


The Parkersburg Rig & Reel Company, 
Parkersburg, W. Va., keep production 
up, and lifting costs down, with Hyatts 
helping them run so easily. 


BECAUSE OF FRICTION-FREE HYATTS at vital operating 
positions, very little attention is required by the 
pumping units, drawworks, rotaries, engines, 


etc., that handle the work around busy oil fields. 





With Hyatts carrying the loads, production is 
speeded up, and bearing wear and care eliminated. 
To keep your equipment on the go, always, be 
sure Hyatts are there when you next build or buy. 
Hyatt Bearings Division, General Motors Sales 
Corporation, Harrison, New Jersey; Chicago, : ( 


Pittsburgh, Detroit and San Francisco. 
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THe PETROLEUM ENGINEER'S ConrINUOUS TABLES P 425.263. 
TOTAL REVOLUTIONS OF ROTARY TABLE REDUCED TO R.P.M. 
Total no. of Elapsed time or period of test, hr. 
revolutions 
made by 
rotary table 2 | 2!'5 3 3145 4 414 5 Hl, 6 614 7 s 
62,500 | 521 | 417 347 298 260 231 208 189 174 160 149 130 
63,000 525 | 420 350 300 263 233 210 191 175 162 150 131 
63,500 529 423 353 302 265 | 235 212 192 176 163 151 132 
64 ,000 | 533. | 427 356 305 267 | 237 | 213 194 178 164 152 133 
64,500 537 | 430 | 358 307 | 269 239 | = 215 195 179 165 154 134 
| | 
65,000 542 | 433 361 310 271 241 | 217 197 | 181 167 155 135 
65,500 | 546 | 437 364 312 273 243 | 218 198 182 168 156 136 
66,000 550 140 367 314 275 244 | 220 200 = 183 169 157 137 
66,500 554 443 369 317 277 246 | 222 202 | 185 171 158 139 
67 ,000 558 147 372 319 279 248 223 203 | 186 172 160 140 
| 
67,500 562 450 | 375 321 281 250 | 225 205 | 188 173 161 141 
68 000 567 153 378 324 283 | 252 227 206 | 189 174 162 142 
68 500 571 57 | B81 | 326 285 254 228 | 208 | 190 175 163 143 
69,000 575 460 383 | 329 | 288 | 256 230 | 209 | 192 177 164 144 
69 500 579 463 | 386 331 | 290 | 257 232 211 | 193 | 178 165 145 
70,000 583 | 467 | 389 | 333 | 292 259 233 212 194 179 167 146 
70,500 587 | 470 392 | 336 | 294 261 235 214 196 | 181 168 147 
71,000 592 | 473 | 394 | 338 | 296 263 237 215 | 197 182 169 148 
71,500 596 477. | 397 340 | 298 265 238 217 | 199 183 170 149 
72,000 600 480 | 400 343 | 300 267 240 | 218 | 200 185 171 150 
72,500 483 | 403 | 345 | 302 269 242 220 | 201 186 173 151 
73,000 187 406 | 348 | 304 270 243 221 | 203 187 174 152 
73,500 490 408 350 | 306 272 245 | 223 | 204 188 175 153 
74,000 493 | 411 | 352 | 308 274 247 | 224 | 206 190 176 154 
74,500 497 | 414 | 355 | 310 | 276 248 | 226 | 207 191 177 155 
75,000 500 | 417 | 357 | 313 | 278 250 | 227 | 208 192 179 156 
75,500 503. | 419 360 315 | 280 252 | 229 210 194 180 157 
{ 76,000 507 422 | 362 | 317 | 281 253 230 211 195 IS! 158 
76,500 | 510 | 425 | 364 319 | 283 | 255 232 213 196 182 159 
77,000 513 428 367 321 | 285 | 257 | 233 214 197 183 160 
77,500 517 131 369 | 323 | 287 | 258 | 235 215 | 199 185 161 
78,000 520 133 371 325 | 289 | 260 236 217 200 186 162 
78,500 523 436 374 | 327 | 291 262 | 238 218 201 187 164 
79,000 527 439 376 329 | 293 | 263 | 239 219 203 188 165 
79,500 530 442 379 | 331 | 294 | 265 | 241 221 204 189 166 
80,000 533 | 444 |! 381 333 | 296 | 267 | 242 | 222 205 190 | 167 
81,000 540 | = 450 386 | 338 | 300 | 270 245 225 208 193 | 3169 
82,000 347 | +455 | 390 | 342 | 304 | 273 | 248 | 228 210 195 | 171 
83,000 553 | 461 | = 395 346 | 307 | = 277 252 231 213 198 | 173 
84,000 560 466 400 350 | 311 | 280 | 255 233 215 200 175 
85,000 567 172 105 354 | 315 283 258 236 218 202 177 
86,000 573 477 410 358 | 319 | 287 | 261 | 239 221 205 179 
87 ,000 580 483 | 414 363 | 322 | 200 | 264 242 223 207 18] 
88 ,000 587 488 419 367 | 326 | 293 | 267 244 226 210 183 
89 ,000 593 494 | 424 371 | 330 | 297 270 | 247 228 212 185 
j | 
90 ,000 600 500 | 429 375 | 333 | 300 273 250 231 214 187 
91 000 505 | 433 379 | 337 | 303 | 276 253 233 217 190 
92 ,000 511 138 383 | 341 | 307 279 256 236 219 192 
93 ,000 516 443 | 388 | 344 310 282 258 238 221 194 
94,000 522 448 392 | 348 313 | 285 261 241 224 196 
95,000 527 452 396 352 317 288 264 244 | 226 198 
96 ,000 533 457 400 356 320 291 267 246 229 200 
97 ,000 538 462 404 359 323 294 269 249 231 202 
98 ,000 544 467 | 408 363 327 297 272 251 233 204 
99 000 550 171 413 367 330 300 275 254 236 206 
100,000 555 476 117 370 333 303 278 256 238 208 
102,000 566 486 425 378 337 309 283 262 243 212 | 
104,000 577 495 133 385 340 315 289 267 248 217s 
106 , 000 588 505 442 393 343 321 294 272 252 221 
(( 108 ,000 600 514 450 400 347 327 300 277 257 225 
See footnote of tables indexed P 425.262. | 
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Does that winch line have an IWRC? 


A heavy pull like this one—over 9-inch sheaves—exerts tre- 
mendous crushing force on a wire rope. 

That’s why we say: “For longer service in truck-winch lines, 
use rope with an IWRC.” 

An Independent Wire Rope Center resists crushing, holds 
its shape when sharply bent, and adds materially to the 
strength of the rope. 

IWRC line costs only 15 per cent more than the same 
quality hemp-centered line. If it lasted only 15 per cent longer, 
it would still be a good buy. As a matter of fact, most users 
report that IWRC line lasts much longer. 

A second way to get longer service out of winch lines is to use 
preformed rope. Form-Set, Bethlehem’s preformed wire rope, 


is relaxed, easy to handle. The wires and strands of Form-Set 
are permanently formed into the helical position they occupy 
in the finished rope. ‘‘Wickering”’ is minimized, making Form- 
Set safer to handle. There are no loose ends to fold across ad- 
jacent wires and cut into them under pressure of the sheaves. 

Form-Set ropes spool better than non-preformed, are not 
cranky, run smoother and truer. Cut ends need not be “‘seized”’ 
to prevent unwinding. Finally, the reduction of internal stresses 
in Form-Set ropes increases resistance to fatigue, especially 
important where reverse bending occurs. 

Next time you buy a truck-winch line, specify Form-Set 
Purple Strand (our Improved Plow Steel Grade) with an 
IWRC. You’ll be pleased with its performance. 


BETHLEHEM STEEL COMPANY 
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THE PETROLEUM ENGINEER'S CONTINUOUS TABLES P 425.262. 
TOTAL REVOLUTIONS OF ROTARY TABLE REDUCED TO R.P.M. 
{ 5-60 min. 
Total no. of Elapsed time or period of test. min. 
revolutions 
made by 
rotary table 25 30 35 37!5 40 4214 45 4714 50 2!'4 55 60 
10, 500 420 350 300 280 263 | 247 233 221 210 200 19] 175 
10,600 424 353 303 283 265 249 236 223 212 202 193 177 
10,700 428 357 306 285 268 252 | 238 | 225 214 204 195 178 
3 10,800 432 360 309 | 288 270 | 254 | 240 227 216 206 196 180 
; 10,900 436 363 311 | 291 273 256 | 242 229 218 208 198 182 
11,000 440 367 | 314 293 275 | 259 | 244 | 239 220 210 200 183 
11,100 444 370 317 296 278 | 261 | 247 234 222 211 202 185 
11,200 448 373 320 299 | 280 264 249 236 224 213 204 187 
11,300 452 377 323 301 | 283 266 251 238 226 215 205 188 
11,400 456 380 326 304 285 | 268 | 253 240 228 217 207 190 
11,500 460 383 329 307 | 288 | 271 =| 256 242 230 219 209 192 
11,600 464 387 331 309 | 290 | 273 | 258 244 | 232 221 211 193 
11,700 468 390 334 312 | 293 | 275 =| 260 | 246 | 234 223 213 195 
11,800 472 | 393 337 315 295 278 =| 262 | 248 236 225 215 197 
11,900 476 397 340 317 | 298 | 280 | 264 | 251 | 238 997 216 198 
12,000 480 400 | 343 320 | 300 282 | 267 253 240 229 218 200 
12,100 484 403 346 323 303 285 269 255 242 230 220 202 
12,200 488 | 407 349 325 | 305 287 | 271 257 244 232 222 203 
12,300 492 4100 | 351 328 308 | 289 | 273 259 246 234 224 205 
12,400 4965 113 354 331 310 | 292 | 276 | 261 248 236 225 207 
12,500 00 417 357 333 313 | 294 278 | 263 250 238 227 208 
12,600 504 420 360 336 315 296 280 | 265 252 240 229 210 
12,700 508 423 363 339 | 318 | 299 282 | 267 254 242 231 212 
12,800 512 427 366 341 | 320 301 | 284 | 269 256 244 233 213 
12.900 516 430 369 344 323 | 304 | 287 272 258 246 235 215 
| 
| | 
{ 13,000 520 433 371 347 | 325 | 306 | 289 274 260 248 236 217 
13, 100 524 437 374 349 | 328 308 291 276 262 250 238 218 
13,200 528 | 440 377 352 330 311 | 293 278 264 251 240 220 
13,300 532 443 380 | 355 | 333 313 296 280 266 253 242 222 
13,400 536 447 383 | 357 335 315 | 298 282 268 255 244 223 
13, 500 540 450 386 | 360 | 338 | 318 300 284 270 257 245 225 
13,600 544 453 389 | 363 | 340 | 320 302 286 272 259 247 =| 227 
13,700 548 457 | 391 365 | 343 | 322 304 288 274 261 249 298 
13,800 552 460 394 | 368 | 345 325 307 | 291 276 263 251 230 
13,900 556 | 463 397 | 371 348 | 327 309 | 293 278 265 253 232 
14,000 560 | 467 400 | 373 | 350 329 311 | 295 280 267 255 | 233 
14,100 564 | 470 403 | 376 | 353 332 313 297 282 269 256 235 
14,200 568 473 406 | 379 | 355 | 334 316 | 299 284 270 258 237 
14,300 572 477 409 381 358 336 318 301 286) 272 260 238 
14,400 576 480 411 384 | 360 339 320 303 288 274 262 | 240 
14,500 580 483 | 414 387 | 363 341 322 305 290 276 264 242 
14,600 584 487 417 | 389 365 | 344 324 | 307 292 278 265 243 
14,700 586 490 420 392 368 | 346 327 | 309 294 280 267 245 
14,800 592 | 493 423 | 395 370 348 329 | 312 296 282 269 247 
14,900 596 | 497 426 | 397 373 | 351 331 314 298 284 271 248 
15,000 600 500 429 400 375 353 333 316 300 286 273 250 
15,100 503 431 403 378 355 336 318 | 302 288 275 252 
15,200 507 434 405 380 358 338 320 | 304 290 276 253 
15,300 510 437 408 383 | 360 340 322 306 291 278 255 
15,400 513 440 411 385 362 342 324 308 293 280 257 
15,500 517 443 413 388 365 344 326 310 295 282 258 
15,600 520 446 416 390 367 347 328 312 297 284 260 
15,700 523 449 419 393 369 349 331 314 299 285 262 
15,800 527 451 421 395 372 351 333 316 301 287 263 
| 15,900 530 454 424 398 374 353 335 318 303 289 265 
| | 
4 Odometers or other means of recording total number of turns made by the rotary table are being used more and | 
more by progressive drilling companies. This table is designed to aid in determining quickly the average r.p.m. dur- 
| ing a test period. | 
| 
Table 425.263. gives the r.p.m. during periods of 1 to 8 hr. inclusive. | 
| 
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More Oil Country Machinery Is Equipped 
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with DIAMOND 2222 ROLLER CHAINS 
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ground to mirror smoothness by expert 


craftsmen, DIAMOND Roller Chains are 
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maintenance of DIAMOND Roller Chains. ber of usages—and revealing capa- 
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of power transmission. DIAMOND 
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Sheet 5 
THE PETROLEUM ENGINEER'S ConTINUOUS TABLES P 615.23f 
SIZES, WEIGHTS, AND STRENGTHS—PLAIN END LINE PIPE 
{ | | | Thickness Test pressure, Working pressure, lb. per 
| ica Ib. per sq. in. sq. in. (safety factor 4) 
Size Weight | | Lap-weld or | Seamless | Lap-weld or | Seamless | Tons 
O.D., in. | (plain end), Symbol} B.W.G. Inches | seamless grade “‘B’”’ | seamless grade “B” | per 
lb. per ft. | or in | grade ‘‘A”’ 60,000-Ib. | grade “A”’ 60,000-Ib. | mi. 
inches in | decimals 50,000-lb. | ultimate | 50,000-Ib. ultimate 
| fractions | ultimate | fiber stress | ultimate | fiber stress | 
fiber stress | fiber stress 
10 18.36 | N | 175) | 550 ~ 4 438 | 48.478 | 
10 18.87 N | 7 | 180 | 55 450 vee | 49.8387 | 
10 19.64 | LL % | .1875 | 550 469 ee | 51.873 
10 21.24 | N 6 .203 600 saa 508 ve | 56.073 
10 21.75 | L |... | .208 | 60 | .... | 520 a 57.425 | 
10 21.85 | N a 209 650 Be 523 na 57.697 | 
10 22.85 L | & 21875 650 iors 47 arin 60.326 | 
10 22.97 N 5 . 220 650 oye 550 a 60. 664 
10 24.81 N 4 238 700 Keays 595 | a 65.506 
10 26.03 L, 14 250 750 | 850 625 | 750 68.724 
10 26.94 N 3 259 | 300 | 900 648 777 71.134 
10 28.05 N :' .270 800 | 900 675 | 810 74.070 
10 | 29.19 L % | 28125 850 | 950 702. 842 77.069 
10 | 29.36 N | ¥ 283 850 | 950 | 708 849 77.534 | 
10 | 29.47 | N | 2 284 850 950 | 710 852 | 77.800 | 
10 | 31.07 | N | | /  .300 | 900 | 1000 750 | 900 =| 82.048 
10 | 31.88 | N |... | .308 | 900 | 1000 770 | 924 | 84.165 
10 | 32.33 | L | 5% 3125 | 950 | 1100 781 938 | 85.356 
10 35.07 | N 0 | (340 1000 1200 850 | 1020 92.603 
10 38.54 | N 3 375 | 1100 1300 938 1125 101. 766 
10 44.68 N Lig 4375 1300} 1500 1094 1313 117.957 
10 | 50.73 | N ly 500 1500 1700 1250 1500 133.927 
1034 | 20.32 N 7 .180 500 bia 419 | 53.644 
103, 22.86 N 6 203 550 650 472 566 60. 366 
103, 24.60 L lm | .21875 600 700 509s 610 64.951 
1034 | 24.74 N 5 | .220 600 700 512 613 65.316 
( 1034 26.72 N 4 .238 650 | 750 553 664 70.540 
103, 28.03 L 14 250 700 800 581 698 74.012 
1034 29.01 N 3 259 | 700 800 602 | 723 76.610 
103, 31.20 H ” .279 800 900 649 779 82.370 
1034 31.44 N % 28125 800 900 654 785 83.014 
1034 | 31.74 N 2 | .284 800 900 660 793 83. 806 
1034 | 33.48 N ) 300 | $50 950 698 837 88.392 
1034 33.69 N .302 | 850 950 702 843 88.965 
10%, | 3424 | H | 307 850 | 950 714 857 90.393 
; 1034 | 34.83 | N ee ee) 5 850 =| 1000 727 872 91.964 
103%, 38.66 H | .348 950 | 1100 809 971 102.065 
10%, | 40.48 H - | .365 | 1000 1200 849 1019 106.875 
1034 | 41.55 N $0 | 875 1000 | 1200 872 1047 109.697 
1034 | 43.68 | N | | .395 1100 | 1200 | 919 1102 115.325 
1034 | 44.21 N | sii 400 1100 1300 930 1116 116.727 
1034 44.87 N | 134, 40625 1100 1300 | 944 1133 118.480 
1034 46.76 N | te 424 1200 1300 986 1183 123.446 | 
103%, =| 4950 | N | 450 1300 1400 1047 1256 =|: 130.685 
1034 52.96 | N 483 1300 1500 =| ~—s1128 1348 =| «139.819 
1034 | 54.21 N 495 1400 | 1600 | 1151 1381 | 143.124 | 
0% | 3473 | H | }s .500 1400 || 1600 1163 | 1395 | 144.500 
: | | | | | | 
11 | 21.36 N | - 185 | 500 Sela 420 ees 56.411 
! 1 | 23.40 N | 6 203. | 550 | 461 =| 61.797 | 
11 | =. 25.18 N | % 21875 | 600 497 aa | 66.496 | 
11 | 25.32 N | 5 220 | 600 500 — | 66.868 | 
11 | 25.78 | N = 224 | 600 | 509 ses 68.059 | 
| 11 | 27.35 | N | 4 238 | 650 | ead 541 aie 72.217 
; 11 | 28.70 | N 4 250 | 700 750 568 682 75.773 | 
| 11 29-71 N | 3 | 259 | 700 800 589 7060 | «78.437 | 
11 | 32.19 N | % 28125 | 750 850 639 767 84.997 | 
| 11 32.50 N | 2 284 | 800. | 900 645 775 =| 85.807) | 
11 | = 33.17 N | a | .290 8300 | 900 659 791 | 87.571 | 
11 | 34.28 | N | I | 300 | 800 950 682 818 | 90.507 | 
1! |} 35.67 | N | % | .3125 | 850 950 710 852 94.168 | 
11 | 38.70 | N | 0 | .340 950 1100 773 927. | 102.191 | 
tO 11 | 42.55 N | 3% 375 1000 | 1200 852 1023. |:112.339 
"4 11 49.35 N | % 4375 | 1200 1400 994 1193 | 130.294 
; N 11 56.07 | N | ly | .500 | 1400 1500 1136 1364 | 148.024 
' tThis table may be filed under P 622.3, if preferred. 
For notes accompanying table see sheet 1 P 615.237. 
Courtesy National Tube Company, Bulletin No. 23. 
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LUNKENHEIMER SERVES 
THE OIL INDUSTRY 


with a complete line of valves for steam, 
water, air, gasoline and oil service. 
Immediately available from Lunkenheimer 


distributors in all oil centers. 


Ask for Catalog 78 
and handy “Guide” 
for selecting Valves, 
Boiler Mountings and 
Lubricating Devices. Your Lunken- 
heimer distributor will be glad to 
give you copies. 









ESTABLISHED 1862 


THE LUNKENHEIMER So 


—w QUALITY’ 
CINCINNATI, OHIO. U.S.A. 


NEW YORK CHICAGO 
BOSTON) PHILADELPHIA 






EXPORT DEPT. 318-322 HUDSON ST., NEW YORK 
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THE PETROLEUM ENGINEER'S Continuous TABLES P 532.91 
VOLUME IN GAL. OF ACID AND OTHER LIQUIDS 
CONTAINED IN TUBING STRINGS 
____ Nominal diameter of tubing, in. 
l 
Length of l 4 1! 2 2 2! 2 3 3 3! 2 3! 2 4 
tubing = 
ft. I. D. of tubing, in. 
1.380 1.610 1.995 2.441 2.992 2.992 3.548 3.476 3.958 
2000 155.6 211.7 | 325.0 486.5 731.0 697.3 | 1028. 986.9 1279. 
2050 | 159.4 217.0 | 333.1 498.7 749.3 714.7 1053. 1012 1311. 
2100 163.3 222.3 | 341.3 510.8 767.5 732.1 1079. 1036 1343 
2150 167.2 227.5 349.4 523.0 785.8 749.6 1105. 1061. 1375. 
2200 171.1 232.8 | 357.5 535.2 804.1 767.0 | 11380. 1086 1407 
2250 175.0 238.1 365.6 547.3 822.4 784.4 1156. 1110 1439 
2300 178.9 243.4 373.8 559.5 840.6 801.9 1182. 1135 1471 
2350 182.8 248.7 381.9 571.7 858.9 819.3 1208. 1160 1503 
2400 186.7 254.0 390.0 583.8 877.2 836.7 1233. 1184 1535 
2450 190.6 259.3 398. 1 596.0 895.5 854.2 1259. 1209 1567 
2500 194.5 264.6 406.3 608 . 2 913.7 871.6 1285. 1234 1599 
2550 198.3 269.9 414.4 620.3 932.0 889.0 1310. 1258 1631 
2600 202.2 275.2 422.5 632.5 950.3 906.5 1336. 1283 1663 
2650 206.1 280.4 430.7 644.6 968.5 923.9 1362. 1308 1695 
2700 210.0 285.7 438.8 656.8 986.8 941.3 1387 1332 1727 
2750 213.9 291.0 446.9 669.0 1005. 958.8 1413. 1357 1759 
2800 217.8 269.3 455.0 681.1 1023 976.2 1439. 1382 1791 
2850 221.7 301.6 163.2 693.3 1042 993.6 1464. 1406 1823 
2900 225.6 306.9 471.3 705.5 | 1060. 1011. 1490. 1431 1855 
2950 229.5 312.2 479.4 717.6 1078. 1028. 1516. 1456 ISS6 
3000 233.3 317.5 487.5 729.8 1096 | 1046. 1541. 1480 1918 
3050 237.2 322.8 495.7 741.9 | 115. | 1068. 1567. 1505 1950 
3100 241.1 328. 1 503.8 754.1 1133. 1081. 1593. 1530 1982 
3150 245.0 333.4 511.9 766.3 |} 151. 1098. 1619. 1554 2014 
( 3200 248.9 338.7 520.0 778.4 | 1170. | 1116. 1644. 1579 2046 
3250 252.8 343.9 528.2 790.6 | 1188. | 1133. 1670. 1604 2078 
3300 256.7 349.2 536.3 802.8 | 1206. 1151. 1696. 1628 2110 
3350 260.6 354.5 544.4 814.9 1224. 1168. 1721. 6153 2142 
3400 264.5 359.8 552.5 827.1 | 1243. 1185. | 1747. 1678 2174 
3450 268.3 365.1 560.7 839.2 1261. 1203. 1173. 1702 2206 
3500 272.2 370.4 568.8 | 851.4 | 1279. | 1220. | 1798. 1727 2238 
3550 276.1 375.7 576.9 863 .6 | 1297. | 1238. | 1824. 1752 2270 
3600 280.0 381.0 585.0 875.7 | 1316. | 12565. | 1850. 1776 2302 
3650 283.9 | 386.3 593.2 887.9 | 1334. 1273. | 1875. 1081 2334 
3700 287.8 391.6 601.3 900. 1 1352. 1290. } 1901. 1826 2366 
3750 291.7 396.9 609.4 912.2 | 1371. | 1307. | 1927. | =1050 2398 
3850 295.6 | 402.2 617.5 924.4 | 1389. | 1325. | 1953. 1875 2430 
3850 399.5 407.4 625.7 | 936.6 | 1407. 1342. | 1978. 1900. 2462 
3900 303.3 412.7 633.8 948.7 1425. | 1360. | 2004. 1924 2494 
3950 307.2 418.0 641.9 960.9 1444 1377 2030. 1949 2526 
4000 311.1 423.3 650.0 973.0 | 1462. 1395. 2055. | 1974 2558. 
4050 315.0 428.6 658 .2 985.2 1480. 1412. 2081. 1999 2590 
4100 318.9 433.9 666.3 997.4 | 1499. 1429. 2107. 2023 2622 
4150 322.8 439 .2 674.4 1010. | 1517. 1447. 2132. 2048 2654. 
4200 326.7 | 444.5 682.5 1022. 1435. 1464. 2158. 2073. 2686. 
4250 330.6 449.8 690.7 1034. 1553. 1482. 2184. 2097. 2718. 
4300 334.5 455.1 698.8 1046. 1572. 1499. 2209. 2122 2750 
4350 338.3 460.4 706.9 1058. 1590. 1517. 2235. 2147 2782 
4400 342.2 465.7 715.0 1070. 1608. 1534. 2261. 2171 2814 
4450 346.1 470.9 723.2 1083. 1626. 1551. 2287. 2196. 2846. 
ixample: What volume of acid will be contained in a 4169 ft. string of 2%-in. tubing? 
| Solution: From table: 
| 4150 ft. of 2%-in. tubing contains 1010. gal. 
| 10 ft. of 2%-in. tubing contains’ 2.4 gal. 
« 9 ft. of 2%4-in. tubing contains’ 2.2 gal. 
4169 ft. of 2%-in. tubing contains 1014.6 gal. 
‘From sheet 1 of table 
For additional notes, see sheet 1 P 532.91 
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More Mission Slush Pump Pistons 


are in use Than Any Other Make 


This outstanding preference 
for Mission Pistons is proof 
of their outstanding econ- 
omy. 

When a product enjoys over- 
whelming popularity year after 
year you can be sure that prod- 
uct does more for the user. It 
saves him money or serves him 
better. 


Such is the case with Mission 
Fluid End Pistons. Year after year 
a majority of operators choose 
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Mission Pistons because they re- 
duce upkeep costs and make 
pumps more dependable. 


Replaceable Piston Rubbers 


can be quickly changed without 
removing piston from rod. This 
quick removal saves on shut-down 
time and allows the crew to spend 
more time drilling. 


Durable Rubber Compound 


and strong fabric are molded into 
piston rubbers of exceptionally 


long life. Mission Pistons stay in 
your pump longer. 


As final assurance you are pro- 
tected by the famous guarantee 
that the Mission Piston is the most 
economical piston on the market 
to operate. You are sure that your 
Mission Pistons reduce slush pump 
upkeep costs. 


VIS sian 


MANUFACTURING CO. 
HUMBLE ROAD. HOUSTCN. TEXAS 


‘ ace azA NEw 
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Sheet 6 
Tue PETROLEUM ENGINEER'S CONTINUOUS TABLES P 615.23t 
SIZES, WEIGHTS, AND STRENGTHS—PLAIN END LINE PIPE 
Thickness Test pressure, Working pressure, Ib. per 
| lb. per sq. in. sq. in. (safety factor 4) 
l | 
Weight | | Lap-weld or | Seamless | Lap-weld or | Seamless Tons 
Size (plain end), | Symbol | B.W.G, seamless | grade ‘“‘B” seamless grade “B”’ per 
O.D., in. Ib. per ft. | or Inches | grade “A” | 60,000-Ib. grade ‘“‘A”’ 60,000-Ib. mi. 
| inches in in | 50,000-Ib. ultimate 50,000-Ib. ultimate 
fractions | decimals | ultimate fiber stress ultimate fiber stress 
| fiber stress fiber stress 
| 
1134 23.33 N a 189 | 500 102 61.607 
1134 25.03 N 6 203 | 500. 132 66.089 
1134 26.94 N | % 21875 550 165 71.121 
1134 27.09 N 5 . 220 550 168 71.520 
113% 29.26 | N 4 | .238 | 600 506 77.251 
1134 30.70 vn | yy | ‘250 | ~~ 650 532 81 061 
113% 31.78 N 3 . 259 650 551 83.912 
1134 34.44 N Yao 28125 | 700 SOO 598 718 90.945 
1134 34.77 N 2 284 =| 750 800 604 725 91.813 
1134 36.68 N I 300 | 750 | 850 638 766 96 851 
1134 38.17 N 16 3125 | 800 900) 665 798 100.776 
1134 1.43 | N 0 3400 | 850 | 1000 723 868 109. 380 
1134 11.87 N Ila, 34375 | 900 1000 | 731 878 110.550 
1134 15.55 N 3% 875 950 1100 798 957 120.270 
113% 52.56 N 135 1100 1300 926 1111 138.779 
1134 60.07 N ly 500 1300 1400 1064 1277 158.598 
12 24.46 N 194 | 500 404 | 64.577 
12 25.57 N 6 .203 | 500 123 67.520 
12 27.52 iF Vag .21875 | 550 156 72.663 
12 27.67 N 5 220 550 158 73 069 
12 28.78 N 229 | 550 177 76. 000 
12 29 89 lL, { 238 600 196 78.928 
12 30.51 N 243 600 506 80.551 
12 30.63 N 244 600 508 80. 876 
12 31.37 L, 14 . 250 650 521 82.822 
12 32.47 N 3 259 | 650 ; 540 85.739 
12 35.20 L vo 28125 700 800 586 703 92 928 
12 35.53 N 2 284 | 700 800 592 710 | 93.815 
12 36.51 N 292 | 750 850 608 730 | 96.391 
12 37.48 N 1 3000 | 750 850 625 750 | 98.965 
12 38.46 L 308 750 850 642 770 | 101.534 
12 38.70 N 310 800 900 646 775 | 102.175 
12 39.00 N 56 3125 800 900 651 781 | 102.978 
12 39.91 L, 320 800 900 667 800 105.383 
12 12.34 N 0 340 850 950 708 850 | 111.777 
12 42.79 l, Ilo 34375 850 950 716 859 | 112.973 
12 16.55 N 3, 375 950 1100 781 938 122.913 
12 54.02 N 46 4375 1100 | 1200 911 1094 142.628 
12 61.41 N ly 500 | 1300 | 1400, 1042 1250 = |:162. 122 
123, 27 . 20 N 6 . 203 | 500 398 71.813 
1234 29.27 N 1% 21875 | 500 429 77. 288 
1234 29.44 N ) . 220 500 oe 431 77.721 
1234 31.80 N 1 . 238 550 650 467 560 83.959 
123, 33.37 L \4 250 | 600 650 490 588 | 88.110 
1234 34.55 N 3 259 | 600 | 700 508 609 91.217 
1234 37.45 L %% 28125 | 650 | 750 551 | (662 | 98 875 
1234 37 81 N 2 . 284 650 | 750 557 668 99 821 
1234 39.89 N I 300 700 | 800 | 588 706 | 105.309 
123, 41.51 L 6 3125 750 850 613 735 | 109. 586 
123, 43.77 H ay . 330 800 900 647 776 115.560 
1234 15.06 N 0 340 800 900 | 667 800 118.966 
123, 45.54 H oy | 34375 300 900 674 809 | 120.244 
1234 49 56 H 3, 375 | 900 1000 735 882 | 130.843 
1234 53.55 N 136 =| =. 40625 | 950 | 1100 796 | 955 | 141.390 
1234 57.53 H V% | 4375 | 1000 1200 858 1029 151.879 
123, 65.41 H | ' | 500 | 1200 | 1300 980 | 1176 172.695 
13 27.61 N ee . 202 450 388 72.890 
13 27.74 N 6 . 203 450 390 73.244 
13 29.86 N ‘99 21875 500 421 78.830 
13 30.02 N 5 . 220 500 423 79.273 
13 32.43 | N 4 . 238 550 458 85.638 
13 33.64 N _ . 247 550 475 88.814 
13 34.04 N \4 250 600 481 | 89.873 
13 35.24 N 3 . 259 600 498 | 93.041 
13 38.17 | N ies .281 650 540 100.771 
13 38.56 N 2 . 284 650 546 101.822 
| 
| This table may be filed under P 622.3, if preferred. 
For notes accompanying table see sheet 1 P 615.237. | 
| Courtesy National Tube Company, Bulletin No. 23. 
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HOW This Pipe Line Company 


Protects its New Natural Gasoline Line 





‘ ; ; 
pj _% 

f ?, s ' 
Traveling type coating and wrapping machine applying NO-OX-ID and 
NO-OX-IDized Wrapper to a new natural gasoline line. This NO-OX-ID 


combination gives lasting protection against corrosion. 


IRON + 


iodigeatusreenive = PIPE COATINGS 
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This new four-inch natural gasoline line must 
be protected against pitting and corrosion for 
many years. That’s why every foot of pipe is 
coated with NO-OX-ID “GSC” and covered 
with NO-OX-IDized No. 7 Reinforced Asbestos 
Wrapper. NO-OX-ID “GSC” is a hot-appliec, 
heavy consistency of pigmented material with 
great adhesiveness and plastic properties. No. 7 
NO-OX-IDized Wrapper is a lamination of 
asbestos felt, acetate membrane, and light fabric 


—all NO-OX-ID coated. 


NO-OX-ID and NO-OX-IDized Wrapper 
Provide Four-Way Protection 


Such a combination gives this pipe line a 
coating with ample mechanical strength to resist 
the shearing effects of soil action. As NO-OX- 
ID is naturally water repellent, the coating has 
great moisture resistance. The high dielectric 
strength of the wrapper provides insulation 
against line current leakage. In addition, active 
chemical inhibitors render passive any pits or 
corrosion that may be present when the coating 
is applied. There are similar combinations of 
NO-OX-ID and NO-OX-IDized Wrappers for 


all application methods and all soil conditions. 


DEARBORN CHEMICAL COMPANY 
Dept. L, 310 S. Michigan Ave., Chicago 





Write for questionnaire to get 
recommended NO-OX-ID 
Specifications. 











No.QX-1p RUST PREVENTIVE 
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Not a single Bantam Quill 
Bearing has needed replace- 
ment in Pennington Signaling 
Core Barrel’s sand reels—a 
service in which the bronze 
bushings previously used 
needed frequent renewal and 
rig overhaul. And the Quill 
Bearings even run for months 
without any renewal of 
lubricant. 


The reels are faster, too, for 
the bearings’ low starting fric- 
tion means greater rapidity in 
reeling the line down into the 
hole. And the drum, with a 
capacity of 11,000 feet of 5%’ wire, is 
free-rolling on the shaft whether skids 
are level or not. 

These features are typical of the ad- 
vantages gained by using Bantam Quill 
Bearings in oil well equipment. For long 
bearing life, low power and maintenance 
costs, quiet, efficient operation, specify 
Bantam Bearings when you buy equip- 
ment. Your supplier will be glad to fur- 
nish them, for Bantam’s skill and co- 
operation give him added assurance of 
your satisfaction. 


BANTAM BEARINGS CORPORATION 
SoutH BEND, INDIANA 
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BEARING 
REPLACEMENTS: 


AND NO MAINTENANCE TROUBLES IN BANTAM 


STRAIGHT ROLLER: TA 





(Above) BANTAM’S ANGULAR CONTACT BEARINGS 
are widely used for rotary table service. They take 
both the thrust load and the radial load imposed 
by driving gear and unbalanced weight, and permit 
high table speeds. 


(Above) BANTAM’S THRUST BEARINGS are 
made in both ball and roller types for a wide 
variety of applications. Bantam’s Straight 
Roller Thrust Bearings have exceptional 
performance records in swivel service. 


BANTAM’S ENGINEERING COUNSEL is unbiased, because Bantam makes every major type of 
anti-friction bearing—recommends the one best suited to the application. For authoritative bear- 
ing advice, more and more equipment manufacturers TURN TO BANTAM. 


M, 





EARINGS 


ROLLER - NEEDLE + BALL 
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Modified Slim-Hole Drilling As Practiced 


in California Fields 


















































Need for lower well investments is primary incentive 
in use of smaller hole diameters—Full advantage of 
reduced costs may not be realized until more 
experience has been gained 


By WALLACE A. SAWDON 


Pacific Coast and Foreign Editor 


















































LTHOUGH not coming strictly ratory wells and I. W. Alcorn,’ in 
under the category of slim-hole discussing slim-hole drilling in the 
drilling, some recent completions at | Gulf Coast, points out that the drill- zn 
below 11,000 ft. depths have been ing of exploratory wells is “quite a zy,” 
made in the Rio Bravo field with holes different problem from carrying out \ WA Surface 
and casing diameters somewhat smaller the drilling of a proven field although , fring 
than formerly used. The attractive many of the same considerations exist ty 
features of slim-hole drilling from an in both cases.” It is interesting to note, t ; 
economic standpoint, particularly at however, that wells that can definitely 18/9 
be classed as slim holes are being s 3 
drilled in the development of the Ten 
Section field in California. Two meth- x 
ods of completion in this field are / y 
shown in Fig. 1. Although Ten Sec- \ 
{UL Wu tion lies only 12 miles south of Rio \ 10% "Hole 
T TT | Ty Bravo the formations are different and < 
854" 85," the wells are but little more than 8000 
fm Surface ft. in depth. A comparison between V/, 
= 9 aad the two fields therefore cannot be A 
990 998 — S&S K 
WL made but the greater adaptability to SS )) 
a Sb Gosin slim-hole drilling of one area over ‘ Y) 
| 2" tubing another is evident. 
JUL In developing a productive area 54" 
TIT dts’ Casing 7950" with slim holes, however, considera- \ oS V2 Casing 
a tion must be taken of pumping diff- \y > 
2° Zbing — culties caused by small casing, that y . 
WN] so22° i may be encountered in the future ~K 8500 
} 1CF 8032" > when wells cease to flow naturally. bs ; 
: ¥ 8034 Thi in & h b Y=} W) 
it | nou is was recently brought out by — WV) 
4 ° 8 A. H. Bell? who stated that proponents SS: V/. 
ro | 134 Liner of slim-hole programs recognize thi 1 & ~* 
= ' 13% » prog gnize this : 
8 fe fact but believe “that because of wide Yn: Dy 8% Hole 
; 8 j 48/40" spacing and heavy curtailment pro- YY LY 
» , 8/50" : : \: é 
2 8 ; grams, the natural flow period will be VY Up 
S$ e200" : ee prolonged. Pressure maintenance pos- WV iS 
lg2s0' — sibilities provide further protection as 
i 3235-77, a means of prolonging flow. In addi- A! \ 
Fig. | tion many operators feel that it is => = 
better to keep solvent today and let — | = 
an the future meet its own problems.” = j == ; 
this time when production curtailment The semi-slim holes at Rio Bravo =u == /1208 
must be given due consideration, war- were drilled by Union Oil Company. 7, i .. 
rant a careful study of hole size and Although the main objective was re- rS pos 4% /ole 
casing diameter. Deep holes of 11,000 — duction of drilling costs various other Pag o. 
ft. and more, however, present factors factors were necessarily taken into ac- 24 | vy ft” Slerale 
influencing drilling costs that must be count. The formations in the field are <3 1 1p ian 
considered in addition to subsurface hard and require rock bit drilling al- Soe ~ iene 
conditions that in themselves have to most entirely from the surface string el lias 1e 
be taken into account when planning —me a . { r 
cle cine andl code » “Slim Hole Drilling in the Gulf Coast’’ by mA * - Jt bd’ 
g programs. I. W. Alcorn, Pure Oil Company, presented at PON ed tA P 
Rio B : | d field the Los Angeles Meeting of the A.I.M.E., Octo- $ s 44 70° - 72. 
10 Dravo is not only a deep fhe ber 17-18, 1940, gives a valuable and compre- 
but is a proved area that is being in- hensive treatment of slim-hole drilling operations 
‘ ‘ : and economics. : 7 : . Fi 2 
telligently developed. Slim-hole drill- ._ *“Review of Advancements in California Drill- 1g. 
ing has certain advantages for explo. inf, race for 40 ty A, Bell. Los An- 
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Fig. 3 








to bottom. The elapsed time in drill- 
ing two holes of smaller size was no 
less than in drilling the larger holes 
because of the round trips necessary 
at great depths with the small bits. 
It appears that the bit is a more or 
less governing factor under the con- 
ditions encountered in such a field as 
the smaller sizes do not have the wear 
life or bearing strength of large bits. 

The hole size and casing program 
of the semi-slim holes at Rio Bravo 
are indicated by the well shown in 
Fig. 2. In drilling the wells from the 
surface string down, 57%-in. drill 
pipe was used for some distance be- 
cause it was available. A 4'4-in. 
stinger was then added as the hole 
was deepened, additional stands of 
414-in. being placed below the 5;%- 
in. as the drilling progressed. This size 
drill pipe was used to approximately 
11,200 ft. (the landing point of the 
5'4-in. casing) and was rotated at 
speeds diminishing from 500 r.p.m. to 
400 r.p.m. as greater depths were at- 
tained,. The drill collar, 240 ft. of 
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6'4-in., concentrated the weight im- 
mediately above the bit. 

A 45-in. bit was used to drill be- 
low the water string. ‘The drill string 
here consisted of 2'/-in. N-80, round 
thread, upset tubing with 120 ft. of 
334,-in. drill collar above the bit. The 
table speed was kept at 75 r.p.m. and 
light weight was carried on the bit. 
This string of tubing is at present be- 
ing employed for drilling-in the fifth 


well. 


In one well at Rio Bravo a 9%%-in. 
hole was drilled to the top of the sand 
so that either 5'4-in. or 7-in. casing 
could be set. Inasmuch as the sand 
was picked-up higher than expected, 
the 5'-in. string was actually run. 
In drilling this well, a 6-in. bit was 
used to rat-hole through the sand be- 
fore the casing was run. The casing 
was then landed and cemented, after 
which the hole was cleaned-out and 
enlarged by running a wall scraper on 
2'4-in. tubing. 

Although the general drilling of the 
semi-slim holes at Coalinga-Northeast 
was the same as at Rio Bravo, the 
wells were but little more than 8000 
ft. and the saving in drilling costs was 
more pronounced. The completions 
were different as a gas zone lies di- 
rectly over the oil in this field and 
must be shut-off to obtain the desired 
gas-oil ratio. At some locations a thin 
stratum is found between the gas and 
oil but in others there does not appear 
to be any separation. 


The completion method is shown in 
Fig. 3. The hole below the water string 
was drilled with a 454-in. bit and into 
this was run a section of 4-in. liner on 
a string of tubing. The tubing ex- 
tended one joint below the top of the 
liner and on the end was a swab cup. 
The upper portion of the liner was 
blank pipe and the lower portion per- 
forated. Slurry for cementing the 
upper blank portion of the liner was 
pumped down through the tubing, 
which was released and pulled up as 
soon as the cement job was completed. 
A stop or plug to cause the cement to 
pass out through cementing ports 
above consisted of a ball valve in a 
collar that is similar to a ball-valve 
type float collar placed in reverse posi- 
tion. This permitted fluid to pass up 
the hole but prevented fluid movement 
down past the collar. In cementing 
the upper, blank section of the liner 
in larger holes a metal “petal” basket 
has been used elsewhere to keep the 
cement from flowing downward 
around the perforated section below 
but with the small clearance in the 
small holes there is obviously no room 
for the cementing basket. 


In some wells the cemented blank 


section of liner is gun-perforated to 
allow production of gas outside a string 
of tubing packed-off below the 
cementing ports as shown in Fig. 4. At 
a later date gas may be admitted into 
the tubing above the packer to lift the 
oil when natural flow from the oil zone 
ceases. 

Engines, drawworks, and other sur- 
face equipment employed on the semi- 
slim holes have been the same as used 
with the larger holes. In planning slim- 
hole drilling operations the power re- 
quirements must be based on the loads, 
of course, and although lighter weight 
casing was used, the difference in loads 
in drilling these semi-slim holes was 
not very much. Under other condi- 
tions and where holes are strictly 
within the slim-hole class, less power 
may be necessary. There is a definite 
technique in slim-hole drilling and 
with experience the operator can ex- 
pect greater reduction of costs. Rock- 
bit design is already at a high degree 
of efficiency but smaller bits neces- 
sary for slim-hole drilling in hard for- 
mations may have to be more specifi- 
cally developed. 
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Loss of Cement Slurry Combated By 
Use of Cellulose Filler 





Kes? 


OROUS, highly permeable “thief” 

formations encountered in oil wells 
have become more and more trouble- 
some to operators as well depths have 
increased and as the industry has be- 
come more conscious of the hazards 
that are contingent upon improper 
protection of upper horizons in the 
wellbore. 

In normal cases, the desired protec- 
tion is accomplished by spotting ce- 
ment behind the casing. When cement 
slurry reaches a certain level above 
such a permeable stratum, however, 
the mud cake, which was built-up dur- 
ing drilling, may be broken through 
due to the excessive hydrostatic pres- 
sure imposed against it. As a result, 
the cement slurry is lost into the for- 
mation, and any additional cement 
pumped around the casing shoe will 
also be wasted. 

The successful and practical sealing- 
off of such “thief” formations. by 
means of fillers in cement slurry long 
has been the aim of operators con- 
fronted with this problem. The theory 
of using these fillers is that as the 
slurry enters the porous horizons, the 
fillers would “strain out” on the walls 
of the hole and form an impervious 
cake having enough strength to resist 
further ingress of fluid. 

Recent success with a new method 
of cementing wells in the Illinois 
fields has attracted enough interest to 
warrant a detailed discussion of the 
problems encountered and the method 
of solving them. In this new cement- 
ing technique, cellulose material in 
the form of very thin flakes is used as 
a filler in the cement. 


The Cementing Problem in Illinois 


In certain of the Illinois fields, an 
unusual amount of trouble has been 
experienced in cementing wells that 
are drilled to the Devonian lime. This 
is due largely to the very high perme- 
ability of the formations usually en- 
countered from the top of the Mc- 
Closky to within a few feet of the 
Devonian horizon. These formations 
include the St. Louis and Salem lime- 
stone sections and the Osage group, all 
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in the Lower Mississippian series. In 
some wells trouble is experienced even 
higher in the hole in the Upper Mis- 
sissippian sands. 

The Salem-Lake Centralia pool was 
the first in which serious difficulty was 
encountered in drilling and in cement- 
ing operations due to the loss of 
cement to these highly permeable for- 
mations. Considerable trouble first was 
experienced in maintaining circulation 
while drilling and all the better-known 
fillers were used for this purpose, the 
usual practice being to add cottonseed 
hulls and prepared bentonite mud until 
all pores and fissures had been filled. 

After the casing was run, the most 
serious problem arose in conjunction 
with the cementing. With the single 


exception of squeeze cementing of the 
porous formations in the open hole 
prior to running casing, there was no 
method then available that could be 
depended upon whereby cement could 
be placed high enough behind the cas- 
ing to protect the upper productive 
sands or to prevent the possible mi- 
gration of oil and water from one of 
these formations to another. Such pro- 
tection is essential in most Illinois fields 
because of the oil not yet recovered 
from the shallower.sands. In fact, in 
many instances wells offsetting the 
newly drilled well may be producing 
from these shallower horizons at the 
time. The general belief in the Salem- 
Centralia pool was that, if cement 
could be spotted to within 1000 ft. of 
the surface, ample protection would be 
provided. 

Several attempts were made to 
cement these oil strings in the normal 
manner, relying on the mud cake rein- 
forced by cottonseed hulls to hold 
back the increased hydrostatic pres- 
sure of heavy cement slurry. Failure 
resulted in every case. As a conse- 
quence, numerous follow-up cement 
jobs were necessary. The casing first 
was gun-perforated above the top of 
the cement, as indicated by a temper- 
ature survey, and cement was pumped 
through the perforations and circulated 
to the surface behind the pipe. As 
many as three such jobs in a single 
well have been required before the de- 
sired protection was obtained. The time 
and expense involved make this a most 
uneconomic procedure. 

Several unsuccessful efforts were 
then made to incorporate conventional 
fillers in the cement itself, such as cot- 
tonseed hulls, shredded paper, and 
sugar cane fiber, in the hope that such 
material would plug-off the porous 
sections as the cement entered them. 
In addition to the fact that none had 
sufficient strength and plastering prop- 
erties to be successful, considerable 
trouble was experienced in mixing and 
pumping these admixtures. 

The next approach to the problem 
involved the use of stage-cementing 
tools. These devices were included in 
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the casing string at the desired point, 
usually around 1900 ft. By various 
methods, ports in the casing could be 
opened in order to introduce cement 
slurry into the space behind the casing 
after a certain amount of cement al- 
ready had been spotted around the cas- 
ing shoe in the normal manner. Quite 
often a basket would be made-up in 
the casing string just below the stage 
tool in order to prevent the cement 
slurry from falling downward and to 
insure that cement was spotted up 
the hole to the desired point. 

This stage-cementing procedure in- 
volved considerable extra expense and, 
in addition, it frequently happened that 
these cement jobs were unsatisfactory 
and squeeze jobs again were necessary. 
All too often, the ports in the stage 
tools later allowed water to enter the 
casing string at that point, necessitat- 
ing further remedial work. 

Finally, in desperation, various oper- 
ators turned to the conventional brad- 
enhead method of cementing. From 
300 to 400 sacks of neat cement first 
was pumped around the casing shoe. 
This volume of slurry would be suf- 
ficient to just cover the most perme- 
able section, sealing it off. After this 
first batch of cement had set, 400 or 
more additional sacks of cement would 
be pumped into the bradenhead. 

It was intended that the formation 
would break down near the top of the 
permeable zone, occurring usually at a 
depth of about 2600 ft. in Salem, and 
all mud in the annular space would be 
pumped into the formation ahead of 
the cement slurry entering the braden- 
head. As a consequence, a higher col- 
umn of cement slurry would be sup- 
ported by the static pressure of this 
permeable formation as the weight of 
the mud normally above that section 
would be eliminated. 

Not entirely satisfied with the re- 
sults obtained by any of the methods 
thus far used, several operators experi- 
mented with the flaked cellulose filler 
that has since proved so satisfactory 
and they developed a method of 
cementing that is accepted as a stand- 
ard practice by many Illinois opera- 
tors. 


The Cellulose-Flake Cement Filler 


The cellulose cement filler is a 
chemically inert, organic product in 
the form of very thin, yet extremely 
strong and tough flakes. Pieces 0.001- 
in. thick and of irregular, varying sur- 
face dimensions ranging from 1/2 in. 
to 1 in. appear most suitable at this 
time. Having a density approximating 
that of drilling mud, this material will 
remain suspended indefinitely in mud 
or in cement slurry. A special chemical 
treatment imparts a crinkled surface 
to the flakes, thus preventing them 
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from adhering to each other while 
either wet or dry. In addition they are 
neither deteriorated nor materially af- 
fected by mud, water, oil, or cement. 
As no appreciable amount of water is 
absorbed by the flakes, the effect of the 
filler on the properties of cement slur- 
ries is solely mechanical. 

The filler material has a negligible 
effect on the initial set of the slurry 
and consequently on the length of time 
during which it can be pumped with- 
out excessive pressure. Having unusual 
strength itself and the ability to form 
a good bond with cement, this filler, 
when used in the recommended quan- 
tities, has only a slight effect on the 
strength of the set cement. Some idea 





Fig. 1. Test core of cellulose-filled 
cement, broken to show texture 
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of the appearance of a hardened mix- 
ture may be obtained from Fig. 1, 
which shows a cement containing 3 
percent prepared bentonite and 2 per- 
cent of the flake filler by weight. 
This latter quantity, incidentally, is 
in excess of that usually recommended. 
For the most serious cases, this 
cellulose filler has been added in quan- 
tities of as much as 1% lb. per sack of 
cement. From % lb. to 1 lb. per sack 
is the amount normally used. Details 
as to its application and of the tech- 
nique followed in many successful ce- 
menting jobs will be discussed later. 
The cellulose-flake filler was first 
used in acidizing work in conjunction 
with the gelatinous sealing material 
used to plug extremely permeable 
strata during acid treatments of thick 
formations varying widely in satura- 
tion and permeability throughout their 
vertical sections. When normal treat- 
ing methods were employed, all acid 
used in the treatment would enter the 
more open strata and no increase in 
permeability would result in the tighter 
zones, where the effect of the acid was 
most desired. By the use of viscous 
slugs of the gelatinous mixture con- 





taining flake filler in conjunction with 
the acid, however, the more open sec- 
tions are plugged-off and the desired 
treatment obtained. 


Development and Tests of the New 
Cement Filler 


The ideal filler for cement should 
be exceptionally light in weight yet 
high in permanent strength, should not 
ball-up or accumulate while mixing, 
should exhibit large surface area, 
should be very flexible, and by reason 
of being inert, should not affect ap- 
preciably, in any physical or chemical 
way, the properties of a cement slurry. 

The cellulose-flake material possesses 
all these properties to a remarkable 
degree. Extensive laboratory and field 
tests prior to commercial use of the 
cellulose-flakes demonstrated their ef- 
fectiveness as a filler material. 

A series of laboratory tests were con- 
ducted in which 3 percent by weight 
of various fillers such as cottonseed 
hulls, ground rubber, chopped hemp, 
wood shavings, sugar cane fibers, fish 
scales, and others were mixed in a pre- 
pared bentonite mud. Four inches of 
water-wet Ottawa sand were placed in 
a special mud tester and 500 cu. cm. 
of the mud to be tested was poured on 
the sand. A pressure of 100 Ib. per sq. 
in. was impressed on the surface of the 
mud and in every case other than the 
synthetic flake filler, all the mud fil- 
tered rapidly through the sand, leav- 
ing relatively thick but permeable fil- 
ter cakes. Only 150 cu. cm. of the 
mud and water from the flake filler 
mixture had passed through the sand 
before a substantially complete shut- 
off was obtained, only a few cc. of 
water being lost during the succeeding 
several hours. 

To further test the efficiency of 
the flaked material as a filler, a 
special apparatus was constructed and 
a similar filtrative test was conducted 
at 5000 lb. per sq. in. pressure. The 
wall cake formed, in this instance, by 
the flake-mud mixture held back all 
mud and restricted the loss of water to 
', cc. per min., a remarkably low rate 
of filtration, considering the enormous 
pressure imposed during the test. Due 
to the character of the flakes, excep- 
tionally wide coverage is obtained and 
very thin layers of the material will 
withstand pressures that would com- 
pletely break-down the usual filler 
when water-soaked, even if used in far 
greater quantities and thicknesses. 


Development of Hlake-Filled Cement- 
ing Practice in Illinois 


When the cellulose flakes were 
first employed in Illinois as a filler for 
cement, one operator added the flakes 
in quantities of 1 lb. per sack in the 
first 50 sacks of cement pumped into 
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the bradenhead. In the initial two jobs 
in Illinois in which the flake filler was 
used, temperature surveys indicated 
that the cement attained a higher level 
in the hole than in any surrounding 
well in which other materials and ce- 
menting methods had been used. 

In some cases, this bradenhead type 
of job employing the flaked filler ma- 
terial has been quite satisfactory. 
Often, however, the resulting cement 
column has failed to come up high 
enough in the hole to protect the shal- 
lower sands. In addition, the forma- 
tion occasionally broke down at a 
higher level in the hole while pump- 
ing into the bradenhead and a column 
of mud remained between the lower 
and upper cement. Temperature sur- 
veys ordinarily indicated more mud 
contamination in the cement by bra- 
denheading than experienced in other 
types of cement jobs. 

The advantages of the new flake 
material as a filler in cement had been 
sufficiently encouraging to warrant its 
use in an attempt to circulate cement 
from the bottom of the hole to the 
surface and into the mud pits by use 
of this material, and a test was run 
simultaneously along with a test of a 
fiber filler and prepared bentonite for 
comparative purposes. This experiment 
was conducted during the winter under 
particularly adverse weather conditions. 
The fiber material added to the cement 
caused considerable trouble by clog- 
ging the valves in the cement pump 
but this and later experiences have 
proved conclusively that the flake filler 
causes no difficulty in this respect. One 
thousand sacks of cement, 30 bags of 
prepared bentonite, and 700 Ib. of 
flake filler were to be used in this well 
but when 815 sacks of cement, 24 
sacks of prepared bentonite, and 550 
lb. of flake filler had been mixed and 
pumped through the casing, mechani- 
cal trouble interfered with completion 
of the job. Full mud return had been 
maintained, however, until the trouble 
developed, approximately 630 sacks 
of cement having already been placed 
behind the casing. 


In spite of the fact that cement 
slurry was not circulated into the pits 
as first planned, the results of this job 
were encouraging. On no previous job, 
except when a stage tool was used, had 
mud returns ever been maintained after 
200 to 300 sacks of cement had passed 
from the casing into the annular space. 


Soon after the above test, the re- 
vived drilling campaign in Centralia 
was in full progress, an area in which 
the same conditions found at Salem, 
though not of equal severity, were en- 
countered in drilling, inasmuch as the 
geological sections in the two areas are 
almost identical. In combating the 





Fig. 2. Filtrative tests were con- 
ducted in this apparatus 
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tendency of the cement slurry to break 
through and enter the porous forma- 
tions, few operators used more than 
200 or 300 sacks of cement, not even 
attempting to do more than obtain a 
good bond around the casing seat. Due 
to the presence of an active coal mine 
under the townsite portion of the field, 
state regulations required the setting 
of a “mine” string to an approximate 
depth of 500 ft., 50 ft. or so deeper 
than the mine. If this shallow cement- 
ing job was approved by the State, and 
water did not break into the well at 
the bottom, the cementing troubles of 
the average operator were at an end. 


When the larger independents and 
finally the major oil companies began 
their operations in Centralia, the ce- 
menting methods previously followed 
did not prove satisfactory. Their leases, 
in general, were north and west of 
town and outside the area of under- 
ground coal mines. The coal stratum 
was encountered, however, in some 
wells. In these cases, sound engineering 
practice dictated that either a short 
casing should be run through the coal 
vein, the oil string should be cemented 
from bottom to top, or a stage-ce- 
menting tool should be used to place 
cement opposite the coal horizon. 
Confronted also with the necessity of 
protecting and separating shallower 
sands often found at depths no greater 
than approximately 1000 ft. one of the 
latter two courses obviously was pref- 
erable. Accordingly, stage-cementing 
tools were tried on several wells in an 
effort to get the desired protection. 
The percentage of successful jobs by 
this method was low and the remedial 





work necessary on the jobs that failed 
was quite costly. 

Cementing of the entire oil string 
from bottom to top was then tried by 
the use of a cement containing the 
flake filler and prepared bentonite, it 
being accepted that cement spotted 
continuously from the bottom to the 
top of the hole would eliminate en- 
tirely all risks from migration, con- 
tamination, and corrosion. 


Typical Cementing Job at Centralia 


The following recent example of a 
typical oil string cementing job at 
Centralia gives a clear picture of the 
technique employed in successfully ce- 
menting the casing from bottom to 
top. In the well described, 5'/2-in., 14- 
lb. casing was run to a depth of 2889 
ft. in 834-in. hole, total depth of 
which was 2903 ft. One thousand 
sacks of Portland cement, 30 sacks of 
prepared bentonite, and 800 Ib. of 
flake filler were on hand for use. Due 
to the fact that a shutdown of any 
appreciable length of time might spell 
the difference between success and fail- 
ure, two cement trucks were on hand, 
with the pumps hooked-up in parallel. 
In this manner, either or both could 
pump into a common discharge line 
leading to the plug retainer at the top 
of the casing string. Both trucks were 
set up to mix cement, prepared ben- 
tonite, and flake filler independently, 
and each was connected to the other 
so that either pump could pick up the 
slurry from its own or from the other 
mixer. The second truck, running idle 
at all times, was ready to take over 
mixing or pumping operations on a 
few seconds’ notice. Considerable flex- 
ibility in operation thus was obtained. 


After the rotary mud pump had 
circulated drilling mud for about 30 
minutes, connections were quickly 
changed to the truck discharge lines. 
Only one truck at a time was actually 
used for mixing cement. Prepared ben- 
tonite (3 percent) was fed through 
an inventory-type screw conveyor into 
the dry cement and the flake filler 
material was fed into the mechanical 
cement mixer by hand from a specially 
constructed trough-like table. Approx- 
imately 34 lb. of the flakes per sack 
was mixed in the first 400 sacks of 
cement and 1 lb. per sack in the last 
500 sacks used. No difficulty at all 
was experience in mixing or pumping 
the cement slurry. 

When about 880 sacks of cement 
had been mixed and pumped in, ce- 
ment slurry, partly contaminated with 
drilling mud, appeared around the pipe, 
out the bradenhead, and into the pits. 
By the time an additional 24 sacks had 
been mixed, pure cement slurry had 
appeared at the surface. Consequently, 
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no additional cement was used as ap- 
proximately 360 sacks of slurry still 
was in the casing and yet to be dis- 
placed. A total time of 60 minutes 
was required in mixing these 904 sacks. 
The plug was spotted 33 ft. from 
bottom in an additional 20 minutes. 

Inasmuch as more than 300 sacks of 
uncontaminated slurry were circulated 
into the pits, there was complete as- 
surance that a continuous column of 
clean cement had been placed from the 
bottom of the casing to the surface. 

It is evident that considerably less 
cement could have been used on this 
job with nearly as perfect a cement 
job resulting. Because of the variation 
in size of the drilled hole, however, 
and the presence of cavities and voids 
in the formations, it has been desir- 
able to use an excess of cement in 
most jobs. The use of a considerable 
excess of cement is believed fully jus- 
tified in as many as three wells if, by 
its use, one recementing job may be 
obviated. 

In some wells considerably more 
permeability was encountered than in 
others. When highly permeable forma- 
tions are present in a well quite a lit- 
tle slurry necessarily is lost into the 
formation before the flakes can plaster 
the walls properly and prevent fur- 
ther ingress of the cement but even 
under the worst conditions, excellent 
jobs have resulted. The choice of 
methods was quite logical, then, con- 
sidering the problems at hand. All 29 
wells drilled by this one operator after 
this method was adopted have a con- 
tinuous cement column from top to 
bottom, thus establishing an excellent 
record for the new flake filler. Very 
few, if any, operators have ever so 
soundly followed out a program or so 
thoroughly protected any group of 
wells, 


Other operators quickly followed 
these examples, and numerous wells 
were cemented from top to bottom 
in this manner by various cementing 
companies using the flake filler and the 
technique thus rapidly became estab- 


lished. 


In fact, shortly afterward, this 
method became standard procedure for 
all major company wells in Centralia. 
One operator was desirous in some 
cases of protecting only the forma- 
tions below the top of the Cypress sand 
occurring at a depth of approximately 
1200 ft. in his wells. By using con- 
sidérably less cement, with cellulose 
flakes also reduced in amount but in 
the same proportions as before, and 
following the technique employed on 
the previously described job, the de- 
sired protection was obtained in every 
instance. Another company digging 
83,-in. hole and setting 41-in. casing 
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wished to waste as little cement as pos- 
sible yet always protect the coal 
stratum, frequently encountered at a 
depth of about 500 ft. Eight hundred 
sacks of cement with 3 percent pre- 
pared bentonite and 750 Ib. of flake 
filler were used in this company’s wells 
with excellent results in every case. 
Uncontaminated cement was indicated 
to be at least 300 to 400 ft. from the 
surface in every temperature survey 
run. In the majority of jobs cement 
was circulated into the pits, without 
incurring appreciable waste. 


Success in Centralia Prompts Use 


in Salem Field 


In view of the success in Centralia 
of flake-filled cement, one of the ma- 





Fig. 3. Cellulose flaked material 
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jor operators in the Salem-Lake Cen- 
tralia field decided to give the method 
a trial. As mentioned previously, the 
“thief” formations, as a whole, in Sa- 
lem are decidedly worse than in Cen- 
tralia. Although conditions in some 
portions of the field are comparable to 
Centralia, the obviously fissured or 
creviced character of the Osage group 
in the southeastern part of the pool 
renders any method of cementing in 
one stage less effective, even when 
flake filler is used. In such cases, these 
cavities or crevices usually have to be 
filled before a column of cement can 
be supported. 

The first well selected for applica- 
tion of the flake-filled cement tech- 
nique was in the southwestern portion 
of the Salem field in an area of high 
permeability, yet certainly not of a 
magnitude comparable to the south- 
eastern conditions. 

In this first treatment of a Salem 
well, two trucks were hooked-up in 
parallel, with each prepared for mixing 


the cement, prepared bentonite, and 
flake filler independently. Seven-in. 
casing was run to a depth of 3355 ft. 
in a 9-in. hole having a total depth of 
3366 ft. 

After the customary 30 minutes of 
mud circulation to condition the hole, 
one truck mixed 600 sacks of Port- 
land cement and 100 sacks of quick- 
set cement in which 3 percent pre- 
pared bentonite and 675 Ib. of flake 
filler had been mixed, only 40 minutes 
being required to mix this volume of 
material. The second or standby truck 
was not brought into use. Twenty-five 
minutes were taken to pump down the 
plug to a depth of 3344 ft. as re- 
quested by the operator. 

Although strong mud returns were 
obtained at the bradenhead through- 
out, no cement slurry was returned 
to the surface. A temperature sur- 
vey indicated the cement had reached 
a depth of approximately 1380 ft. 
from the surface or to the level of 
the Tar Springs sandstone horizon. Ap- 
parently, a considerable amount of 
slurry had been absorbed by this 


stratum. 


Although cement slurry had not 
reached the surface as had been hoped, 
the results of this first job were so 
much better than any previous jobs 
that the operators were quite pleased 
and enthusiastic over the results. Con- 
sequently, they immediately began ce- 
menting all wells in this manner. 


As had been expected, excellent re- 
sults were obtained in all sections of 
the Salem field except in the cavern- 
ous, fissured southeastern area. Circu- 
lation usually was lost in that locality 
before cementing was started. In such 
severe conditions, therefore, the old 
type of bradenhead job was, through 
necessity, again resorted to. The extent 
of trouble experienced in maintaining 
circulation while drilling a well in the 
Salem field is now accepted as a cri- 
terion indicating the type of cement- 
ing job to employ. 

The flaked material has been used 
on numerous occasions in conjunction 
with cement for plug-backs and 
squeeze jobs in porous, highly perme- 
able strata. Particularly in limestone 
sections, previously acidized, has it 
proved invaluable. The quantity of ce- 
ment required and the number of 
stages necessary to obtain a desired 
pressure on squeeze jobs are reduced 
consistently through its use. 
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NOWING wire lines from A to Z— 
how to choose them and how to use 
them—that’s the job of the American 
Tiger Brand Wire Line Engineers. It will 
pay you to make use of their specialized 
knowledge and experience, gained through 
years of practical service to wire line users 
throughout the oil fields. 
These men do more than help you se- 
lect the right line for a given application. 
If for any reason you are not getting full 


AMERICAN STEEL & WIRE COMPANY 


performance, they can help you locate 
the trouble and suggest practical ways 
and means for eliminating the difficulty. 
Get to know the American Tiger Brand 
Wire Line Engineer who contacts you. 
Discuss your wire line problems with 
him. Get his advice on every wire line 
specification. 

He can help you get a full dollar’s 
worth of performance out of every dollar 
you invest in wire lines. 













LOOK FOR THE TIGER. Buy 
wire lines from the distrib- 
utor who displays this sign. 
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Showing two of the new-type pumps 
installed in a California refinery 
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By 


WALLACE A. 
SAWDON 


Pacific Coast and Foreign 
Editor 


Use of Pumps Without Stuffing Boxes 


For Highly Volatile Liquids 


Body of new type pump, being placed underground, conserves space 


N order to eliminate stuffing box 

leakage and fire or explosion haz- 
ard in the handling of liquefied petro- 
leum gas, Union Oil Company installed 
two “stuffingboxless” pumps at the re- 
cently completed alkylation plant in 
the company’s refinery at Wilming- 
ton, California. These pumps are be- 
ing used in continuous service for 
pumping butane and have now been 
in operation for several months. 


Fond. 


ee ee 


The pumps were designed and sup- 
plied by Byron Jackson Co. The pump- 
ing unit itself is of the “submersible” 
type and consists of a short-coupled 
assembly made up of an electric mo- 
tor mounted below a turbine pump 
to which it is direct-connected. This 
unit operates within a heavy, cylindri- 
cal barrel and is suspended from a 
flanged cover resting on the top of 
the barrel. (See Fig. 1.) The cylinder, 





or outer barrel, is approximately 10 
in. O. D. and extends 12 ft. below- 
ground. As can be seen in the ac- 
companying illustrations, the outer 
barrel is supported by a flange set on 
and bolted to a concrete foundation 
constructed at the surface. The sump 
in which the outer barrel is placed is 
made just large enough to accommo- 
date the cylinder. If soil characteris- 
tics make it advisable, the annular 
space between the outer barrel and 
the wall of the sump may be con- 
creted, as the pump unit is removed 
from the cylinder when any change 
is made or repairs become necessary. 

The liquid to be pumped enters the 
barrel through a suction nozzle at its 
upper end and passes downward 
around the outside of the pump un- 
til it reaches a strainer situated just 
below the bottom turbine elements of 
the pump. It there passes into the 
pump and is forced upward and out 
through the discharge nozzle in the 
cover plate. A predetermined quantity 
of isolating liquid lies in the bottom 
of the outer chamber. The pumped 
liquid floats on this isolating fluid, 
usually water, which separates it from 
the oil in the motor. A mercury seal 





Alkylation plant of Union Oil Com- 
pany at Wilmington, California, 
where pumps are installed 
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3s there a birthday, e’er so dear, 
hose dawn on each succeeding pear 


Brings not a twinge, perhaps a tear? 
Pea, there is One! 





3s there a birthdap we atiend, 
hose gapetp does not extend 
Life’s vivid pattern toward the end? 
Wea, there is One! 


®b, what a birthdap to embrace, 

Chat would arrest our desperate pace 
And hold as naught all time and space! 
But there is One! 


Hail! Hail the dap that we 
fAay honor Christ, the Lord, and be 


Returned to Nativity! 
ai. €. 


@ritten and illustrated especially for the 


GBaso Pump & Burner HMfa. Company 
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TABLE | 
Capacity, Discharge Liquid 
gal. per min. bead, ft. pumped Temperature, °F. Motor bp. 

25 400 Butane 60 5 

48 320 Propane 60 5 
100 690 Propane 60 20 
1000 58 Gasoline 60 15 
25 425 Butane-propane 60 5 
1000 96 Gasoline 60 25 
73 692 Hydrocarbon 85 to 125 10 
175 1540 Hydrocarbon minus 31 50 
30 1385 Hydrocarbon minus 40 3 
500 265 Gasoline 95 20 








prevents the pumped liquid from en- 
tering the motor around the shaft and 
a balance tube equalizes the pressure 
on the two sides of the mercury seal. 
The pumped liquid acts as a cooling 
agent for the motor. 

Each of the two pumps in service 
at the Union plant is multi-stage 
and is driven by a 10-hp., 440-v., 
60-cycle, 3-phase motor. Each pump 
has a capacity of 73 gal. per min. of 
butane at a discharge head of 692 ft. 
The temperature of the liquid pumped 
is 80 to 125° F. Power for operation 
is delivered from the switch box to 
the submerged motor through a cable 
that passes through the barrel cover 
as illustrated. Remote automatic con- 
trol is from a room where control 
equipment for all pumps in the plant 
is concentrated. 

Inasmuch as this type of pump is 
somewhat new in design the full scope 
of its adaptability has not yet been 
utilized. It is particularly suitable to 
the handling of gasoline as well as 
liquefied petroleum products both in 
refining operations and in transporta- 
tion of such liquids. The unit has an 





























extensive range of head and a capacity 
from 15 gal. per min. upward; high 
suction and discharge pressures offer 
no problem as the pump is completely 
sealed in a heavy steel outer barrel 
with the pumped liquid isolated from 
the atmosphere. The temperature of 
the pumped liquid should probably 
not exceed 150° F. but temperatures 
considerably below zero can be han- 
dled. With low temperatures a non- 
freezing isolating fluid obviously must 
be used. The tabulation in Table 1 
shows the duty being performed by 
present installations for discharge 
heads of as high as 1540 ft. and tem- 
peratures as low as minus 40°F. 

Pump capacity is increased by add- 
ing stages to the pump and _ using 
larger motors. The motor sizes will 
probably range from 3 hp. to 350 hp., 
depending on the stages of the pump 
and the discharge head. A greater 
number of stages may increase the 
length of the pump unit somewhat 
but the diameter of the pump unit 
and the outer barrel will vary con- 
siderably with volume. 

There are several features of the 
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Fig. |. Cross-sectional sketch of the 
new-type pump 














stufingboxless pump that make it de- 
sirable for a number of refinery in- 
stallations. In addition to providing 
for the handling of highly volatile 
liquids without leakage, it is partic- 
ularly adaptable for hazardous loca- 
tions. The placement completely be- 
lowground not only adds to safety but 
requires a minimum space for the in- 
stallation. No positive liquid level is 
necessary on the pump suction nozzle 
as the unit is set below ground level 
at the proper depth for required sub- 
mergence, thus permitting the setting 
of refinery processing and storage 
equipment closer to the ground level. 
The compactness of the equipment is 
evident from the accompanying pho- 
tographs, which also disclose that no 
shelter is needed as none of the rotat- 
ing parts is exposed. Lubrication 
within the pump and motor is, of 
course, automatic. 





Relatively small space requirements 
are advantageous in congested areas 
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Vapor-Ligquid Phase Equilibria in 
Hydrocarbon Systems 





in gasoline fractionators 





Part XII (Concluded) 


A comparison of actual and theoretical equilibrium plates 


By GEORGE GRANGER BROWN 


Professor of Chemical Engineering, University of Michigan 


N additicn to the method outlined 

in the last few installments, several 
other methods for calculating the 
number of equilibrium plates in frac- 
tionating columns have been suggested. 
Lewis and Matheson* described the 
basic plate-to-plate calculation for 
finite reflux. 

In the following comparisons the 
various methods are identified as fol- 
lows: 

Method I*:'! in Table 29 is essen- 
tially the plate-to-plate calculation 
downward from the top of the column 
and upward from the bottom of the 
column as described for minimum re- 
flux in the September installment, ex- 
cept that there is no zone of constant 
composition at finite reflux. The com- 
positions are matched at the feed plate 
for finite reflux in the same manner as 
described for the plate-to-plate calcu- 
lation for minimum reflux. 

Method II’ is essentially the same 
as method I except that relative vola- 
tilities, or ratios of the K’s, are used 
in place of the actual K values for 
each component. 

Method III’ is similar in principle 
to methods I or II but substitutes a 
graphical method similar to that of 
McCabe and Thiele’ for the algebraic 
plate-to-plate calculation. Equilibrium 
diagrams are constructed for the 
heavier cut component in the recti- 
fying section and the more volatile cut 
component in the stripping section 
of the column and the calculations 
are made by a graphical procedure 
based on the single cut component. 

Method IV? is a short-cut method 
eliminating the matching at the feed 
plate. It involves plate-to-plate calcu- 
lations only for a few plates down from 
the top, and upward from the bottom 
of the column until the temperature 
gradient from plate to plate is sub- 
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Photographs and biographi- 
cal sketches of the writers 
can be found on page 31 of 
the July issue of The Petro- 
leum Engineer, in connection 
with Part VII. 











stantially linear. The feed plate compo- 
sition is determined by the method 
proposed by Underwood!*:? herein- 
after identified as method IV for the 
feed plate. This method of calculating 
the feed plate composition is appli- 
cable only when a sharp separation is 
being made between two adjacent 
components. An effective average “‘ab- 
sorption factor” (method IVa) or 
“relative volatility” (method IVb) is 
applied between the feed plate and the 
upper terminal plate (the last plate 
computed down from the top of the 
column by plate-to-plate calculations) 
to determine the number of equilib- 
rium plates in this section of the 
column. A similar average “stripping 
factor” (method IVa) or “relative 
volatility” (method IVb) is applied in 
the same manner for that section of 
the column below the feed plate. This 
procedure eliminates most of the plate- 
to-plate calculations required in the 
first three methods. 

Method V* is that which has been 
described in this series and incorporates 
an empirical relationship (Fig. 21) be- 
tween the number of equilibrium steps 
and reflux ratio. 

In Table 29 under methods IVa and 
IVb the method used in computing 
the feed plate composition is given in 
the second column. 

For the purpose of comparison, each 
of these methods has been applied to a 
commercial column making the sepa- 
ration given in Table 6 of the May 
installment identified as column A in 
Table 29. The column operates at 





215 Ib. per sq. in. abs., and contains 
30 plates, 20 of which are above the 
feed plate, in addition to the reboiler 
and partial condenser. The feed enters 
the column at 188°F. and contains ap- 
proximately 15 percent vapor. The 
cold reflux pumped back to the col- 
umn amounts to 1.477 moles per mole 
of feed, which corresponds to an in- 
ternal reflux ratio, L/V, of 0.792 as 
determined by a heat and material bal- 
ance around the top plate of the col- 
umn in the manner described in the 
November installment. 

Method I applied to this separation 
(column A, Table 29) indicates a 
total of 26.3 equilibrium steps. Allow- 
ing one equilibrium step each for the 
reboiler and partial condenser, the 30 
plates in the column are equivalent to 
24.3 equilibrium plates. This number 
of plates corresponds to an overall 
plate efficiency of: 


24.3 
. x 100 = 81 percent. 


The rectifying section of the column 
contains 20 actual plates equivalent to 
15 equilibrium plates, indicating a 
plate efficiency of 75 percent. The 
stripping section, including the feed 
plate, contains 10 actual plates equiva- 
lent to 9.3 equilibrium plates, or an 
apparent plate efficiency of 93 percent. 

The results of the other methods 
are given in Table 29. 

A comparison of the results of all 
methods in column A indicates the 
overall plate efficiencies given in 
Table 30. 

Column A, method IV’, represents 
the results previously obtained by in- 
dependent calculations (using different 
equilibrium data now considered obso- 
lete). 


Column A, method V, was based on 
the approximate minimum reflux ratio 
of L/V = 0.647. As was indicated in 
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an earlier installment the approximate 27.7 plates by method V for column B__ percent of columns A and B, respec- 
minimum reflux usually gives satis- correspond to an average overall effi- tively, may be due to the difference in 
factory results when applied to col- ciency of 91.2 percent as indicated in _—_ operating conditions. Column B oper- 
umns operating well above the mini- Table 29. An earlier computation® ates under a much lighter load and 
mum reflux. based on less reliable equilibrium and __ higher reflux ratio than column A, the 

Column B is the same column as A thermal data using methods IVa and vapor load for column A being about 
operated under different conditions V®* indicated 32.3 and 34 equilibrium 40 percent greater than that for col- 
particularly as to reflux ratio and load plates, respectively. umn B and the actual external reflux 
on the column. The 27 equilibrium The difference between the average returned to column A being about 58 
plates computed by method II and the overall plate efficiency of 83 and 91 percent of the external reflux returned 





TABLE 29 


Comparison between actual and theoretical plates in fractionating columns 





| | 
Method of | | 
calculating 
feed plate | 














COLUMN. . eee | B cor ee 

Total steps inc luding « condenser and reboiler...... ee Ai ERIC } « 8 y * 30 

Total number of plates in column s | 
Number of plates in rec tifying section. .. 
Number of plates in sense section 

Internal reflux ratio, L/V 

Mole percent of vapor in feed... ake tolen 

Column pressure, lb. per sq. in. abs ......... 


COMPUTED EQUILIBRIUM STEPS 

Method I 
Total equilibrium plates in rectifying section 
Total equilibrium plates in stripping section 
Total equilibrium plates in column ; : 
Total equilibrium steps in column including condenser and reboiler 
Plate efficiency in rectifying secticn, percent. , 
Plate efficiency in stripping section, percent 
Overall plate efficiency, percent 

Methed II 
Total equilibrium plates in rectifying section. .. 
Total equilibrium plates in stripping section . 
Tctal equilibrium plates in cclumn. a 
Tctal equilibrium steps in column including condenser and reboiler. . 
Plate efficiency in re*tifying section, percent. ; Fox 
Plate efficiency in stripping section, percent. . 
Overall plate efficiency, percent 

Method III 
Total equilibrium plates in rectifying section 
Total equilibrium plates in stripping section 
Total equilibrium plates in column. . 
Total equilibrium steps in column including condenser and reboiler. 
Plate efficiency in rectifying secticn, — : 
Plate efficiency in stripping section, percent. . eae as 
Overall plate efficiency, percent................. ; 

Method IV 

(IVa) 
Total equilibrium plates in rectifying section 























Total equilibrium plates in stripping section 


Indicated total equilibrium plates in column. . 
Indicated total equilibrium steps in column including condenser and reboiler 
Plate efficiency in rectifying secticn, percent 
Plate efficiency in stripping section, percent 
Overall plate efficiency, percent................. ; 
IVb) 


Total equilibrium steps in rectifying section 
Total equilibrium plates in stripping section... . 


Indicated total equilibrium plates in column 
Indicated total equilibrium steps in column including condenser and reboiler 
Plate efficiency in rectifying section, percent 
Plate efficiency in stripping section, percent 
Overall plate efficiency, percent 
Method V 
bao approximate minimum reflux ratio, L/V, corrected for any vapor present in feed 
to column 





LV fy | 
fi i). 0.40 


Minimum equilibrium steps, Np=1..........0600seeseee cess eee e cece eeeeeeeees 19.6 


from Fig. 21 1,39 

Nepe= : ; 
Total i steps in column including condenser and reboiler 
Total equilibrium plates in column 
Overall plate efficiency, percent 
| 


27.2 
25. 
83. 


2 
9 


























*Using the same ratio of i-C4Hio to n-C4Hio as in the liquid part of the feed in calculating the feed plate by method IV. 
Using i-CsHio in ——— number of equilibrium plates. 
Using C3Hs in determining the number of equilibrium plates. 

®Exponents in brackets refer to bibliography. 
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Each of these three Worthington LTC 625 horsepower angle engine-compressor units 
has a capacity of approximately 20 million cubic feet of gas per day. Suction pressure 


is maintained at 1700 p.s.i. and discharge pressure at about 2700 p.s.i. 


=O ee 
WORTHINGTON 
LTC ANGLE 
ENGINE-COMPRESSORS 
HAVE ALL 


THESE FEATURES 
. 


HEAVY CONSTRUCTION 
STRAIGHT LINE DESIGN 


SINGLE SCAVENGING 
PN a lg 


REPLACEABLE 
CYLINDER LINERS 


CONE TYPE 
CYLINDER HEADS 


CAST-IN 
LUBE OIL DUCTS 


DRPORATIE 


HESE repressuring compressors were placed in operation in June 1940. 
They exemplify the most advanced developments in rational angle 
engine-compressor engineering for continuous full load service. From the 
start they have given excellent performance and over-capacity. Straight 
line design provides maximum accessibility and smooth power flow. 
Heavy construction throughout assures strength, rigidity and maintained 

alignment, with resulting low cost and trouble-free operation. 

& 
Worthington LTC units are built in six sizes— 
375...500...625...750...875...1000 
brake horse power 

COMPRESSOR CYLINDERS are available in a wide 

selection of designs. Cast iron, cast steel or steel 

forgings are used as pressure conditions may require. 


WORTHINGTON EXPERIENCE of more than 40 years in building over six 
hundred compressors for pressures of 2000 to 5000 p.s.i., provides a back- 
ground which assures to their users maximum dependability and efficiency. 


“WORTHINGTON 


WORTHINGTON PUMP AND MACHINERY CORPORATION 


GENERAL OFFICES: HARRISON, NEW JERSEY 


























TABLE 30 


Apparent overall plate efficiencies of 
column A 


Overall plate 





Method efficiency, percent 
I 81 
II 85 
Ill 80 
IVa 81 
IVb 79.6 
IVa"* 83.3 
IVb™* 87.0 
Vv 83.9 
Average 82.6 


*Exponents refer to bibliography at end of 
article. 











to column B. Both of these conditions, 
less internal liquid reflux flowing 
downward from the top of the col- 
umn, and a high vapor load are known 
to decrease plate efficiency.” 

Column C is a commercial operation 
reported a few years ago’ that has 
been previously analyzed by methods 
[Va and V* with the results given in 
Table 29, indicating an average overall 
plate efficiency of 103 percent. 

Column D is also a commercial oper- 
tion that has been previously calcu- 
lated by methods IVa and V*. The in- 
dicated overall plate efficiency for this 
column is slightly more than 100 per- 
cent, which is substantially the same 
as the overall plate efficiency for col- 
umn C, 

Column E is a commercial column 
operating with 48 actual plates with 
a reboiler and partial condenser. The 
computation of this column is compli- 
cated by the fact that six plates down 
from the top a side stream was re- 
moved, and the actual test data do not 
give a correct overall material balance. 
Methods IVa* and V* have been ap- 
plied to this column indicating 50 and 
50.4 equilibrium plates, respectively, 
corresponding to an overall plate eff- 
ciency of about 105 percent as shown 
in Table 29. In applying method V* 
the approximate minimum reflux was 
computed in the stripping section of 
the column, and the number of equi- 
librium plates was calculated to give 
an overhead product of the composi- 
tion of the combined actual side 
stream and overhead distillate. Al- 
though this is not the same as the 
actual column operation the results 
are in excellent agreement with those 
of method IVa‘ and also the actual 
column. 

Column F is a commercial opera- 
tion previously reported by Gunness®. 
This column is not very satisfactory 
for analysis because it appears to have 
been operating unsteadily at the time 
the test data were taken. 
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Method I indicates 22.3 equilibrium 
plates compared with 21.7 equilibrium 
plates as previously computed by 
Jenny’ using method III. Method IV 
when based on the same feed plate 
composition as used in method III 
gives 22.8 and 22.6 equilibrium plates 
indicating that the errors in methods 
IVa and IVb when applied to sloppy 
separations are eliminated if the cor- 
rect feed plate composition is used. In 
order to use the feed plate calculation 
of method IV, which can be applied 
directly only when the separation is 
sharp as between two adjacent com- 
ponents, the ratio of the intermediate 
component to the less volatile cut 
component was assumed to be the 
same on the feed plate as in the liquid 
part of the feed. Method IVa then 
gave 24.5 equilibrium plates, which is 
in fair agreement with the basic 
method I, and method IVb indicated 
20.3 equilibrium plates. 


Although method V is not appli- 
cable to sloppy separation the results 
obtained for column F are given for 
what interest they may have. The 
total number of equilibrium plates of 
15.4, as given in Table 29, is clearly 
unreliable. 

As a further means of comparing 
the various theoretical methods of 
calculating fractionating columns, 
methods III, IV, and V have been ap- 
plied to columns G and H, which are 
assumed column operations set forth 
by Jenny’. 

Column G makes a sharp separation 
between two adjacent components and 
methods III, IV, and V agree indi- 
cating 14.2, 14.4, 14.6, and 13.7 equi- 
librium plates, respectively. Although 
there is a difference of about 35°F. in 
the feed plate temperature as deter- 
mined for column G by method III 
and method IV this appears to have 
no appreciable effect on the overall 
results of the two methods for com- 
puting the column. If methods IVa 
and IVb are applied to the feed plate 
as calculated by method III, the re- 
sults show 13.3 and 15.6 equilibrium 
plates, respectively, indicating that the 
feed plate as computed by method III 
is slightly in error. 

Column H makes a sloppy separa- 
ticn between three distributed com- 
ponents that are present in appreciable 
concentrations in the overhead distil- 
late and bottoms. Methods I and III 
indicate 15.7 and 15.3 equilibrium 
plates, respectively. Methods IVa, IVb, 
using method IV for computing the 
feed plate, and V are not reliable for 
column H as a sloppy separation is 
made as in the case of column F. 
Methods IVa and IVb have been com- 
puted using the feed plate composition 
calculated by method III’ indicating 


15.1 and 13.8 equilibrium plates, re- 
spectively. These results again indicate 
that the feed plate as calculated by 
method III is slightly in error. 

The results in Table 29 for the vari- 
ous commercial columns all indicate a 
lower plate efficiency in the rectifying 
section of the column than in the 
stripping section. For a given column 
the methods that are applicable all in- 
dicate about the same plate efficiency 
for the rectifying section of the 
column and about the same plate effi- 
ciency for the stripping section as well 
as about the same overall plate effi- 
ciency. 

Considering the effect of errors in 
the material balances, sampling, and 
analysis of samples, we may conclude: 

1. All theoretical methods that have 
been studied for calculating fraction- 
ating columns give about equally satis- 
factory results on sharp separations 
between adjacent components and it is 
the designer’s choice as to which 
method to use. 

2. As the overall plate efficiency in 
well-designed columns not overloaded 
in operation is about 100 percent as 
computed by equilibrium constants 
and any of the methods reviewed here- 
in, the number of actual plates re- 
quired in the column is equal to the 
number of theoretical equilibrium 
plates as computed for the column. 


3. If calculations for a sloppy sep- 
aration, i.e., when three or more com- 
ponents are distributed in appreciable 
concentration in both the overhead 
distillate and bottom product, should 
be desired, a plate-to-plate calculation 
such as method I, II, or III is appar- 
ently required, unless the feed plate 
composition can be correctly deter- 
mined so that method IV can be used. 
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Unitized Blowout Preventer Mounting 


By 
CHAS. C. LYNDE 


Y MOUNTING the three valves 

that control operation of the 
blowout preventers on a skid-frame 
and placing the unit on a platform ex- 
tending out from the derrick floor 
adjacent to the dog-house, one drilling 
contractor is able to move all valves 
as a unit, simply by making all lines 
to the valves of the proper lengths to 
connect with unions just below the 
platform of the frame. When the 
unions are made-up so that the male 
half is on the long pipe, additional pro- 
tection is afforded to the threaded ends 
on the skid, and simplifies stabbing 
after a move. 

Such a unitized control permits 
standardization of the lines from the 
preventers and at the same time elimi- 
nates one unit from the already con- 
gested working space on the derrick 
floor. 


ore aan 





Showing the manner in which valves 
controlling blowout preventer are 
mounted on a skid-frame 
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Evaluating Belt Slippage 
B 
W. F. SCHAPHORST 


ERE is a simple and accurate 
method for determining belt 

slip when conditions are such that the 
driven pulley can be operated for a 
time at full speed but “without load.” 


The method is based on the logical 
assumption that when no power is be- 
ing transmitted through the belt there 
is no belt slip. The driven pulley, then, 
will rotate as many times per minute 
as it is possible for it to rotate. When 
the belt is transmitting full load, 
however, there is bound to be some 
loss due to belt creep and possibly 
some slip. The driven pulley will not 
rotate as rapidly as when “unloaded.” 
The difference in r.p.m. of the driven 
pulley at full-load, then, divided by 
its r.p.m. when “unloaded” multiplied 
by 100, gives the percentage of slip. 

For example, in the accompanying 
sketch is shown a typical drive. Let us 
say that the driver pulley runs 200 
r.p.m. and the driven pulley runs 340 
r.p.m. in an unloaded state. When the 
belt carries full load, though, the 
driven pulley makes only 320 r.p.m. 
What is the percentage of slip? 


Using the above rule we find the 
answer to be 5.9 percent slip. 
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Belt slip is always an important item 
because each percent of slip virtually 
means a loss of 1 percent of the yearly 
fuel bill. If the above slip can be re- 
duced to 2 percent (and it usually 
can) the yearly saving on fuel ex- 
penditure would be about 4 percent. 

Another application of the above 
method may be cited as a means of 
determining the economics of belt slip. 
The necessary steps are as follows: 

A. With a speed indicator take the 
r.p.m. of the driven pulley when the 
belt is not loaded. 

B. Then take the r.p.m. when the 
belt is fully loaded. Subtract B from 
A, multiply by 100, divide by A and 
you have the percentage of power loss. 


Example: 


A= 1000 r.p.m.; B= 950 r.p.m. 
1000 — 950 = 50 
50 X 100 = 5000 
5000 —- 1000 = 5 percent 
power loss. 


This means that if your power is 
now costing you $1000 per year, the 
belt power transmission loss is $50 per 
year. Or, if your power is costing you 
$10,000 per year the belt power trans- 
mission loss is $500 per year. 

In other words, whatever the annual 
cost of your power — provided ll 
power passes through a belt — mul- 
tiply the percentage of power loss by 
the cost of the power and you have 
the cost of the belt transmission loss. 


Belt transmission losses should be no 
greater than 2 percent. If your com- 
putations show, as above, that the loss 
is 5 percent, it means that 3 percent 
can be saved by eliminating belt slip, 
and of course it should be saved. Your 
saving would then be $30 per year if 
your power cost is now $1000 per year. 
If your present power cost is $10,000 
per year, the saving would be $300 
per year. 
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Water KeeErseE has returned from 
the United States to Venezuela, where 
he is superintendent of maintenance 
for the Mene Grande Oil Company. 

—_— <> 

Jor Ropricuez, of the Mene Grande 
Oil Company, has returned to Mara- 
caibo, Venezuela, after taking his va- 
cation in the United States. 

a 

W. B. Hurt, field geologist, Mag- 
nolia Petroleum Company, has been 
transferred from Sulphur Springs, 
Texas, to Meridian, Mississippi. 

—— 

H. A. Exxs, who has been general 
superintendent of the natural gasoline 
division of the Cities Service Oil Com- 
pany, Bartlesville, Oklahoma, has been 
named manager of the company’s nat- 
ural gasoline and chemical divisions. 
He succeeds E. L. Peck, who resigned 


recently. 
— 


WarrEN Wynn, geologist, Sinclair 
Prairie Oil Company, has been trans- 
ferred from Tulsa, Oklahoma, to Bis- 
marck, North Dakota. 

a 

R. J. NELSON of the Mene Grande 

Oil Company, Cabimas, Venezuela, is 


on his vacation in Houston, Texas. 
a eee 


Wa ter W. CLopTon, district pipe 
line superintendent at Wichita Falls, 
Texas, for the United Gas Pipe Line 
Company, has assumed new duties as 


district manager. 
—— 


R. C. APppLine, assistant chief dis- 
patcher for the United Gas Pipe Line 
Company, recently was made chief dis- 
patcher and superintendent of the 
telephone and telegraph and dispatch- 
ing departments. C. E. Dante has 


been named assistant chief dispatcher. 
nae eas 


C. E. Howe. has been transferred 
to Mt. Carmel, Illinois, as assistant 
superintendent of the IIlinois-Indiana 
district of Continental Oil Company. 


He has been at Ponca City, Oklahoma. 
sian nieini 


W. L. Cups, vice-president and 
general manager of the Reed Roller 
Bit Company, and J. SayLtes LEacn, 
vice-president of The Texas Company, 
were recently elected directors of the 
Houston, Texas, Chamber of Com- 


merce. 
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Cunning Tour 


H MEN 


IN THE 


CuaseE E. Sutton, manager of the 
Gulf Coast Division of Pure Oil Com- 
pany, is also managing the Fort Worth 
Division in the absence of R. W. Mc- 
ILvain, Jr., who has entered the serv- 
ices of the United States Army. Mc- 
Ilvain was a reserve officer in the cav- 
alry and is now stationed at El Paso, 
Texas. 

— 

JoHn N. Gicsert, with the Gulf 
Oil Corporation in Venezuela, is visit- 
ing in Beaumont, Texas. 

a aD 

JoHN R. SUMAN, vice-president in 
charge of production for the Humble 
Oil and Refining Company, has been 





JOHN R. SUMAN 


made president of the American Insti- 
tute of Mining and Metallurgical En- 
gineers, and will assume his duties at 
the annual meeting in February. 
sciaciaesil acini 

PHL SHANNON, manager at El Cen- 
tro and Barranca Bermeja, Colombia, 
for the Tropical Oil Company, is 
spending his vacation in the United 


States. 
— 


Ltoyp A. SUMMERS, assistant dis- 
trict petroleum engineer for Lago Pe- 
troleum Company in Venezuela, is 
spending his vacation in Tulsa, Okla- 
homa. 

—— 

E. M. SmitH has been named dis- 
trict manager at Houston, Texas, for 
Union Producing Company, United 
Gas Pipe Line Company, and Houston 


INDUSTRY 





































Gulf Gas Company, affiliated organi- 
zations. He succeeds WaLtTeR H. 
Spears, who has been transferred to 
Shreveport, Louisiana, to head the land 
and geology departments of Union 
Producing Company. 

—_-< - 

ANpDREW MILEK, chief geologist for 
Consolidated Oil Corporation, New 
York City, has been transferred to Sin- 
clair Prairie Oil Company’s Tulsa, Ok- 
lahoma, office. 

<> 

H. Dae NICHOLS, assistant petro- 
leum engineer at the Petroleum Ex- 
periment Station of the U. S. Bureau 
of Mines at Laramie, Wyoming, has 
been called to active military service 
at Salt Lake City, Utah. He has been 
a major in the coast artillery reserves. 

ALDEN W. Foster recently resigned 
as vice-president of Ralph E. Davis, 
Inc., engineering firm of Pittsburgh, 
Pennsylvania. 

— 

WititiAM Keck, Jr., Los Angeles, 
California, vice-president of the Su- 
perior Oil Company, recently sailed for 
Australia accompanied by Mrs. Keck. 

— <> -—_ 

J. N. Hotpen, Union Oil Com- 
pany, has been transferred to the re- 
search and development department of 
the company and appointed resident 
engineer at the Oleum, California, re- 
finery. 

— 

R. T. McANa.ty has been named 
district superintendent in the Pampa, 
Texas, office recently reopened by Shell 
Oil Company, Inc. For the last two 
years the Texas Panhandle district of 
the company has been supervised from 
the Wichita Falls office in the North 
Texas District. 

a 

W. C. BucHanan, president of 
Globe Steel Tubes Company, Milwau- 
kee, Wisconsin, was elected a member 
of the board of directors of Allis- 
Chalmers Manufacturing Company at 
the latter company’s board meeting in 
New York recently. Buchanan was 
named to fill one of two vacancies on 
the Allis-Chalmers board created by 
the deaths of Gen. Otto H. Falk, 
former board chairman, and of Oscar 
Gubelman, a director for many years. 
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J@L Permalined Pipe* 


EVERYTHING YOU 
E to build 


PIPE LINES 


for Oil-Gas-Water 


PIPE—Jarecki is one of the world’s largest distributors 
of high-grade pipe for all oil industry purposes. 
LAPWELD and SEAMLESS line pipe—also J&L 
“Permalined” CEMENT-LINED pipe—are carried 
in stock at strategic locations throughout the oil 
country. 


VALVES AND FITTINGS—Jarecki has been one of 
the foremost manufacturers of quality valves and 
fittings for 88 years. Our great factory at Erie has 
been a pioneer and leader in the design and man- 
ufacture of valves and fittings for the oil producing, 
pipe line and refining industries, 


SERVICE—38 Jarecki Stores place JARECKI “Time- 
Tested” Products and Service in the convenient 
reach of all users of oil country pipe. 














Fig. 
395-X 
Iron Body 
Gate 


Fig. 1004-A 
Natural Gas 
Gate 











Malleable 
Fittings 





FACTURING COMPANY 
“Since 1852” 
General Offices: St. Louis, Mo. Home Office and Factory: Erie, Pa., U.S. A. 


District Offices: Pittsburgh, Pa.: Tulsa and Bartlesville, Okla.; Dallas and 
Houston, Texas; Mit. Pleasant, Mich.; Centralia, Ill. 


Branch Stores at All Important Places in the Oil Country. 


MAN 


corrosion. 


NEED 






















Fig. 1007 
lron Gate 


Valve 


*An inexpensive, cement-lined 
pipe built to combat salt 
water and hydrogen sulphide 
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J. L. MATHIEU, an official of Schlum- 
berger Well Surveying Corporation, 
has returned to the United States after 
an “extended vacation” in France. 


Mathieu, who sailed from New York 


J. L. MATHIEU 


in the summer of 1939 via clipper 
plane, recalls that the trip to Europe 
required only 24 hours but that the 
return voyage via Africa took approxi- 
mately three months. 

—— 

H. I. Fry, assistant manager in 
Venezuela for Socony-Vacuum Oil 
Company, Inc., and Mrs. Fry, have 
returned to Venezuela from the United 


States. ; 


W. A. Pruett, vice-president, has 
been elected executive vice-president 
of the Superior Oil Company, Los An- 
geles, California. He is also a director 
of the company. 


F. A. GraserR, consulting engineer, 
Los Angeles, has been named chairman 
of the Los Angeles Basin Chapter of 
the American Petroleum Institute. 
H. M. Ontver, Hancock Oil Company, 
has been elected vice chairman. 
CHaRLEs REICHERT, National Supply 
Company, was chosen secretary-treas- 
urer, and Tom Murpny, Martin- 
Decker Corporation, assistant secre- 


tary-treasurer. 


T. B. GiLBert, superintendent of 
the Electra, Texas, district of the Mag- 
nolia Petroleum Company, has retired 
after 35 years’ service with the com- 
pany. a il 

BEN JAMIN G. SYMON has been made 
manager of the Shell Oil Company’s 
technical products department, ALEXx- 
ANDER FRasER, president, has an- 
nounced. Symon has been with the 
Shell company for more than 12 years. 

a een 


T. C. PRESTON, superintendent at 
Breckenridge, Texas, for the Sinclair 
Prairie Oil Company, has been trans- 
ferred to Hobbs, New Mexico. 
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Mitton M. UNGER, president, Pe- 
troleum Drilling Company, has an- 
nounced the moving of the company’s 
headquarters from Fort Worth, Texas, 
to Midland, Texas. 

— 

A. H. HENDERSON, superintendent 
of the Haynesville, Louisiana, district 
for the Magnolia Petroleum Company, 
has retired after 23 years’ service with 


the company. 
er 


Leo Courter, district manager at 
Grayville, Illinois, for Dowell Incor- 
porated, has been transferred to Semi- 
nole, Oklahoma, to assume district 
manager’s duties there. Z. V. MorGAN, 
with Dowell at Seagraves, Texas, has 
been transferred to Grayville as station 
manager. The Garyville district of the 
company has been consolidated with 
the Salem, Illinois, district. 

a 

R. A. TRAVISANO, a member of the 
Traffic Club of Newark, New Jersey, 
succeeds the late H. T. SmitH as traf- 
fic manager of the Worthington Pump 
and Machinery Corporation. Travi- 
sano entered the employ of Worthing- 
ton in 1912 as a stenographer. 

See oat 


JoHNn W. Borrar, production en- 
gineer, Gulf Oil Corporation, Semi- 
nole, Oklahoma, has been granted a 
year’s leave of absence by his company 
to serve with the regular army. He is 


stationed at Fort Belvoir, Virginia. 
a ne 


Dr. W. D. Cooiince and Stuart 
M. Crocker have been appointed vice- 
presidents of the General Electric 
Company, it has been announced by 
Cuar.es E. Wison, president of the 
company. Dr. Coolidge will continue 
as director of the General Electric 
Research Laboratory in Schenectady. 
Crocker will relinquish his duties as 
manager of the company’s air condi- 
tioning and commercial refrigeration 
department at Bloomfield, New Jer- 
sey, to make his headquarters in New 
York City where he will codperate 
with and be assisted by all commercial 
departments in furthering the general 
interests of the company. 

insincere 


W. Ritey Workman, sales engi- 
neer in the Dallas, Texas, office of the 
Pittsburgh-Des Moines Steel Company, 
died recently following an operation. 
Workman was born at Keosauqua, 
Iowa, January 14, 1894. He was grad- 
uated from the State University of 
Iowa in the class of 1916 with a de- 
gree B.S. in C.E. He immediately asso- 
ciated himself with Pittsburgh-Des 
Moines Steel Company, serving first at 
the general office in Pittsburgh and 
later in the Dallas sales office. He is 
survived by his widow, Gail Humbert 
Workman, and their son, Scott Work- 
man. 


Bos O. Birp, superintendent, Phil- 
lips Petroleum Company, has been 
transferred from Okemah, Oklahoma, 
to Odessa, Texas. 

a 

E. R. Brockway, geologist with the 
Devonian Oil Company, has been 
transferred from Shreveport, Louisi- 
ana, to Fort Worth, Texas. 

— 

J. H. Lightroot, Humble Oil and 
Refining Company, Houston, Texas, is 
now with the National Guard at 
Kingsville, Texas. 

—,.——<>- 

Ep A. Oxsovsky has been appointed 
chief engineer of the American Manu- 
facturing Company of Texas, Fort 
Worth, Texas. Olsovsky, graduate en- 
gineer of Texas A. & M. College, has 
been associated with American for five 


ED A. OLSOVSKY 


years as assistant chief engineer. He 
has authored and co-authored a num- 
ber of technical papers of interest to 
oil industry readers. Two of these, 
“Effect of Design and Direction of 
Rotation on Peak Torque of Pumping 
Units” and “Selection and Maintenance 
of V-Belt Drives,” have been published 
in trade journals and pamphlet form. 
— ae 
Epwarp M. Borcer has been elected 
president of The Peoples Natural Gas 
Company, Pittsburgh, Pennsylvania, to 
succeed J. FRENCH RoBINsON, who has 
resigned to become president of the 
East Ohio Gas Company, Cleveland, 
Ohio. Robinson succeeds CHaARLEs E. 
GALLAGHER, who has been elected 
chairman of the board. 
<> 
Dr. ERNEsT BERL, research profes- 
sor, Carnegie Institute of Technology, 
spoke on the subject “The Role of 
Carbohydrates in the Formation of 
Coal, Oil and Natural Gas” before the 
Southeast Texas Section of the Ameri- 
can Chemical Society at a meeting in 
Houston, Texas, December 5. 
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sands. 
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We are indebted to an anonymous 
individual with The Peoples Gas Light 
and Coke Company, Chicago, Illinois, 
for the following excerpt from the 
Chicago Daily Tribune, taken from a 
story describing an eye witness ac- 
count of the collapse of the Tacoma 
Narrows Bridge: 

“Either just as I reached the towers, 
or just as I drove past them, the bridge 
began to sway violently from side to 
side. This was something new in my 
experience with the bride. Heretofore 
the noticeable motion has been up and 
down and undulating.” 

oo ¥ 

She: Some say love is a chemical 
reaction. 

He: Well, let’s set up a laboratory 
and do some experimenting. 

a ae 

Brown (describing his experiences in 
a New Zealand earthquake) : The earth 
shook, cups and saucers flew all over 
the place. 

Jones: Great Scott! That reminds 
me, I forgot to mail my wife’s letter! 
a 
The good thing about beginning at 
the bottom is that you always have 
something solid to go back to. 

7 7 y 

Mable: Every time I’m kissed it up- 
sets my nerves. If you were a doctor, 
what would you give me? 

Norman: A nervous breakdown. 

yor 

Herman: Such a bother deciding 
about holidays. 

Gustavus: It doesn’t matter to me. 
My boss tells me when to go, and my 
wife tells me where. 

‘ee 

Mrs. Gossip: So your daughter is 
about to marry. Do you really feel she 
is ready for the battle of life? 

Mrs. Chatter: She should be. She’s 
been in four engagements already. 

yoy 

“Heah, Rastus is that quarter I bor- 
rowed from you two years ago.” 

“Y’all might jus’ as well keep yo’ 
money. It ain’t wuth two bits for me 
to change mah opinion o’ you.” 

yor 

Sheik: Bring me a girl. 

Servant: Very good, sir. 

Sheik: Don’t be so particular. 

a eZ 

Two milk bottles— 

“Let’s neck” — 

“No! Let’s go curdle in the corner.” 
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’Tis better to have loved and lost— 
Yes... a hell of a lot. 

7 7 7 
Smartly dressed in coat of fur, 

Lounging against a cocktail bar, 
Baby, how I wish you were 

As naughty as you think you are. 

72 # 

Motorist: I'd like a dozen eggs, 
please. 

Farmer: 1 haven’t got a dozen; I’ve 
only got ten. 

Motorist: Well, are they fresh? 

Farmer: They’re so fresh the hen 
hasn’t had time to finish the dozen. 

yong 
A Boy's Letter 
Dear Santa: This coming Christmas 

Eve 
Will you be kind enough to leave 
Besides the toys you have for me, 
Some duplicates for Dad, that he 
May tinker with his own and play 
As fathers will on Christmas day? 
Then I, for once, won’t have to wait 
For days and days to celebrate! 

yr? 

Lady: Have you tried to cure this 
parrot of cursing? 

Pet Shop Proprietor: Hell, yes, lady, 
but the damn-fool bird only gets 
worse all the time! 

:«¢@ * 

“We were shipwrecked on a South 
Sea island for six months. I had only 
one companion ...a beautiful blonde.” 

“What did you do for food?” 

“I don’t remember.” 

a eZ 

Golf is the tie that binds many hus- 
bands and wives by separating them on 
Saturdays, Sundays and other fighting 
holidays. 

e# # 

Farmer: Say, you’ve sure got a lot 
of nerve to come down in a parachute 
with this 100-mile-an-hour gale blow- 
ing! 

Camper: 1 didn’t come down in a 
parachute. I went up in a tent. 

es 
It's Cheaper to Live 

The next time you feel the urge to 
throw caution to the winds and take 
chances at the railroad crossing, re- 
member this injunction: 

“A live man pays 25 cents for a 
shave; a dead one pays $5. A woolen 
overcoat costs $40; a wooden one costs 
$400. A taxi to the theater is $1, but 
to the cemetery it’s $10. Moral: Take 
it easy and save your money.” 


If you skate fast enough . . . thin 
ice isn’t dangerous. 

yor? 

Professor: Name a great time saver. 

Student: Love at first sight. 

yoy 

Garage Mechanic: What’s the 
trouble, lady? 

Mrs. Newdriver: They say that I 
have a short circuit. Can you lengthen 
it while I wait, please? 

yor 

A widow has one advantage over 
other women . . . she can give ref- 
erences. 

yf 

Two Negro maids in conversation in 
London: 

One: If’n dey doan stop dis blitz- 
kreigin’, we like as not gonna be 
blasted into maternity anytime. 

Two: Yas, an if’n dey doan stop dis 
‘ere blackoutin’, we ain’t never gonna 
know who done it. 

a eZ 


To celebrate their twentieth wed- 
ding anniversary, the couple decided 
to try and re-live their wedding night 
of 20 years before. 

Accordingly, they went to the same 
hotel and engaged the same room they 
had occupied on that memorable night. 

The wife prepared to retire and 
then, as the husband was hanging up 
his coat, she said, “Darling, it was 
just 20 years ago tonight that I saw 
you disrobe for the first time. That 
night I thought you loeked like a 
Greek god. But tonight I think you 
look like a g d Greek.” 


vy ¢ i 


No wonder the little duckling 
Wears on his face a frown 
For he just now discovered 
His first pair of pants are down! 
y 5 A y 








“You say the elopement was sort of 
forced on you?” 

“Yes, after she came down the rope 
ladder, her dad pulled it up.” 

,ogf 

Mrs. Dimwit: And how did the wed- 
ding come off? 

Mrs. Stubblefield: Fine until the 
minister asked the bride if she would 
obey her husband. 

Mrs. Dimwit: What happened then? 

Mr. Stubblefield: Plenty. The bride 
replied, “Do you think I’m crazy?” 
and the groom, who was in a sort of a 
daze, answered, “I do.” 
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Showing application of Baker Cement 
Retainer in recementing liner. Note 
that Retainer was run through 8032 


of Open Hole 





- BAKER CEMENT RETAINER has provided the solution to many 
Cementing, Well Repair and Well Completion problems confronting the 
modern operator . . . perhaps it will solve a particular problem confronting 
YOU. Complete details concerning its many practical field applications 
will be found in the Baker section of the Composite Catalog . . . also in 
Baker Broadcast No. 17-A, a comprehensive, 40-page illustrated treatise 
which will be sent to interested oil men upon request. 


BAKER O/L TOOLS, INC. 


Main Office and Factory, 6000 S. Beyle Avenue 
P. O. Box 127, Vernon Station, Los Angeles, California A Case Study of an Actual Well 
Completion Problem Solved by 


—e . ffice: ‘ 
Central Division Office and Factory Export Sales Office Using the Relaeiament Reteiner 


6023 Navigation Boulevard, P. O. Box 3048 19 Rector Street 
Houston, Texas New York, N. Y. 


IMPORTANT CEMENT RETAINER APPLICATIONS INCLUDE: 
Squeeze Jobs ° Recementing ° Cementing Behind Sections of Pipe ° Reducing 
Gas/Oil Ratios ° Series Cementing ° Plugging off Bottom Fluids ° Plugging Back to 
Upper Zones ° Testing Upper Cased Formations ° As a Heaving Plug ° As a Bridge Plug 
at any Place in Casing or Liner ° Open Hole Acidizing ° Open Hole Squeeze Cementing 


BAKER CEMENT RETAINER 














MACHIN 


Elastic Stop Nut of Knurled- 
Shank Clinch Type 


OR fastening sheet-metal assem- 
blies in which the parts must be 
readily removed and returned to posi- 
tion, a clinch type of self-locking nut 
with knurled shank is offered by Elas- 
tic Stop Nut Corporation, 2332 Vaux- 
hall Road, Union, New Jersey. 
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To install the nut, a hole is drilled 
in the structure and the shank is 
pressed into the hole. The mouth of 
the shank is then spread against the 
back of the structure to effect a 
clinching hold. The knurling engages 
the drilled surface and thus assists in 
eliminating any turning of the nut. 


f pve ZINK Company, Tulsa, Ok- 
lahoma, has announced a new me- 
chanical oil burner, for which the 
manufacturer states the following fea- 
tures: (1) both primary and secon- 
dary air used; (2) diffuser action is 
obtained without blocking air flow; 
(3) no special tile is necessary for in- 
stallation; (4) rugged simplicity plus 
ease of control; (5) thorough mixture 
of fuel and air, and (6) low first cost. 

Primary air is drawn in through the 
center structural tube. Flow is con- 
trolled by an easily adjusted damper. 
This design provides a diffuser action 
to maintain ignition of the fuel at all 
ratings. Primary air flow cools the 
burner parts. 

Secondary air flows between the 
louver-type damper door and the wall 
thimble. The quantity of air is regu- 
lated by moving the damper door. 
Louvers on the damper door spin the 
secondary air thus creating turbulent 
flow. 

The installation is made in round, 
sharp-edged openings turned in the 
furnace well. Circle firebrick should 


be used. 
Oil is atomized by delivering it 
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The head of the nut is fitted with 
the vulcanized fiber collar that char- 
acterizes all types of Elastic Stop Nuts. 
This collar, being unthreaded, resists 
the entrance of the screw, thus auto- 
matically taking up all thread play 
and bringing the load-carrying thread 
faces of nut and screw into a tight 
pressure-contact. As the screw thread 
impresses its way through the collar, 
this pressure is maintained and in- 
creased to such a degree that the screw 
cannot work loose, even under the 
most severe vibration. Because of the 
resilient character of the fiber collar, 
the screw may be removed and re- 
placed repeatedly without loss of the 
locking action. 





John Zink Mechanical Oil Burner 


under pressure ranging from 100 to 
250 lb. per sq. in. to the atomizer 
head. Tangential slots in the passage 
to the discharge orifice spin the oil at 
a high velocity. A hollow cone of eas- 
ily ignited oil mist is formed as the oil 
discharges. To further assure complete 
air-fuel mixture, the atomizer head is 
set so that the burning cone of oil 


These nuts are available in a com- 
plete range of sizes, thread systems, 
shank lengths, and materials. 





Marked Shim Stock 


HIN shim stock supplied in 

slotted cartons by Laminated 
Shim Company, Inc., Glenbrook, Con- 
necticut, now is supplied plainly 
marked in inches on its edge—from 
0 in. to 100 in., with half-inch subdi- 
visions throughout the 100-in. length 
—at no extra price. 

Therefore the precision-thin metal 
can be conveniently pulled through 
the carton slot and cut off to the ex- 
act size required. Not only is waste 
avoided but the markings also act as 
a telltale signal, indicating when the 
roll is about used up. These handy 
packaged rolls of brass or steel shim 
stock (6 in. wide and available in 
0.001 to 0.015 thicknesses) facilitate 
shim stock storage, prevent the stock 
from being mislaid, and save time in 


high-speed shaft. 


mist almost fills the opening into the 
furnace. 

When gas fuel is to be used, sepa- 
rate gas guns may be purchased, at a 
small extra cost, to be inserted in place 
of the oil guns. 

Bulletin MO-1 describing this 
burner may be had upon request to the 
manufacturer. 
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FURNACE ELEVATION 


NOTE: AlomiZER HEAD SET SO THAT FL am. 








IMSTALLATION 
ELEVATION- PART SECTION 
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FOR LOWER LIFTING COST IN THE SHALLOW FIELDS 


@ The New Type TU104G-HDIOTP 

TYPE ie. National Unit Pumper broadens 

TUI04G -HDIOTP } the line of small National Pump- 

Re eo he ip _— 2 ers, facilitating selection for spe- 
arate eRe SS cific loads and conditions. 





This unit has anti-friction bear- 
ings throughout and a general 
construction similar to heavy 
duty National Pumpers. 


It is built to operate with a mini- 
mum expenditure of power and 
with little attention and main- 
tenance. In addition, the fixed 
charges are lowered due to a 
favorable combination of longer 
life and a moderate first cost. 
For further details ask for des- 
criptive bulletin or see your 
nearest National Representative. 


BRIEF SPECIFICATIONS 
a 


Polished rod strokes, inches 18, 19%, 21%, 24 


Maximum counterweight effect at maximum polished rod stroke, pounds 


Reduction Gear: 
API peak torque rating at 20 SPM., inch pounds 
Over-all gear ratio 
Crankshaft diameter at bearings, inches 
V-belt sheave pitch diameter, inches by number and section of belts 
V-belt sheave pitch diameter, maximum, inches 


Well end working centers, inches 
Length of base 
Width of base, inches 


6° 6%" 
10 x 21 pounds 
Weight, regular equipment less extension base and counterweights, pounds 


Weight, PV-39A beam counterweights, each 


DOMESTIC EXPORT 


EXECUTIVE OFFICES 
PITTSBURGH, PENNA. 





THE NATIONAL SUPPLY CORPORATION 
BO ROCKEFELLER Plaza 
NEW YORK N.Y U.S.A 


GENERAL SALES OFFICE 
TOLEDO, OHIO 
. 
DIVISION OFFICES 
WORTH, TEX. » TULSA, OKLA. . 
TORRANCE, CALIF. MARACAIBO, VENEZUELA 


RIVER PLATE HOUSE 
1230. PLACE, LOWDOM £ ¢ 2 
LIMITED LIABILITY 
. 


PLOESTI, ROUMANIA 
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“Oilwell” SC-12 and SC-17 Single-Crank Pumping Units 


WO NEW single-crank pumping 
ck for medium-duty service 
have been added to the extensive line 
manufactured by Oil Well Supply 
Company, Dallas, Texas. Designated 
as the “Oilwell” SC-12 and SC-17 
pumping units, both are identical ex- 
cept for the capacities and ratios of 
their reduction gears. The A.P.I. pol- 
ished-rod load capacity is 10,000 Ib. 
and available stroke lengths are 22, 


crank weights can also be supplied 
where rotary counterbalancing is de- 
sired. Even when equipped with coun- 
terbalances, the crank clears the floor. 
All bearings are enclosed in weather- 
proof and oil-tight housings. The sad- 
dle bearings are oilbath and the crank- 
pin bearing and upper-pitman bearing 
are grease lubricated. 

Changing stroke lengths of either 
unit is made easy by the self-aligning, 
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32, and 42 in. The D-12 double reduc- 
tion gear of the SC-12 unit has a 
31.9:1 ratio and an A.P.I. peak torque 
capacity of 58,000 in-lb. at 20 s.p.m. 
The D-17 reduction gear of the SC-17 
unit has a 32.15:1 ratio and an A.P.I. 
peak torque capacity of 82,000 in-lb. 
at 20 s.p.m. 

Both reduction gears consist of heav- 
ily ribbed, rigid, cast semi-steel cases 
with single-helical, fully heat-treated, 
forged-steel gears and pinions. The 
shafts are also fully heat-treated and 
are mounted in heavy-duty, shim-ad- 
justable, tapered roller bearings. Pin- 
ions are integral with their shafts. The 
high-speed shafts and crankshafts are 
equally extended, and both reduction 
gears are designed for full-capacity 
output from either crankshaft exten- 
sion, thus being especially suitable for 
back-crank pumping. A quick-acting 
brake with convenient remote control 
operates on a drum at one end of the 
high-speed shaft. 

Frames, either short or extended, are 
of arc-welded structural steel with 
four-leg, derrick-type samson posts. 
Both arc-type and rubber-cushioned, 
oilbath, link-type hangers are avail- 
able. Beam counterbalancing by means 
of convenient plates is standard, but 
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spherical roller bearings on the crank- 
pin combined with a universal bearing 
arrangement at the top of the pitman. 
It is only necessary to remove the 
crank-pin nut and withdraw the pin. 
No further dismantling is required. 





Improved Gearturbo Pump 
Head 


MPROVEMENTS in the design of 

geared heads for deep-well turbine 
pumps are announced by Peerless 
Pump Company. Development of the 
1941 models include a change in bear- 
ing application. The take-off shaft is 
designed to carry increased loads. 
Double-row ball bearings support the 
horizontal and vertical shafts and are 
placed adjacent to the spiral bevel 
gears. An extra-heavy-duty thrust 
bearing supports the lower end of the 
geared-shaft sleeve, and an additional 
thrust bearing supports the outer end 
of the horizontal driveshaft. All four 
bearings are lubricated by an oil pres- 
sure system that circulates cooled oil 
both to bearings and gears. To prevent 
leakage of oil from the outer bearing 
on the take-off shaft, an oil seal is 
placed on the end of the bearing hous- 
ing. This seal is equipped with an an- 








nular garter spring and the treated 
leather element is oil-resistant. An- 
nealed semi-steel castings are employed 
to protect against distortion and mis- 





alignment of gears and other moving 
parts. The head assembly is streamlined 
and the gearing is completely housed 
for protection against the elements. 
The gears are composed of heat- 
treated, hardened and ground nickel 
alloy and lapped for specific operating 
tooth capacities. Standardized speed 
ratios of 1 to 1, 14% to 1, 1% tol, 
and 2 to 1 are provided. This head, 
known as the Gearturbo, provides for 
connection with universal shaft to 
gas engines, steam engines or any other 
power unit. 

Further details may be obtained 
from the Peerless Pump Company, 301 
West Avenue 26, Los Angeles, Cali- 
fornia. 


Airco High-Test Flux-Coated 


Bronze Welding Rod 
NEW high-test flux-coated 
bronze welding rod has recently 
been announced by Air Reduction 
Sales Company. Eight outstanding 
features of bronze welding operations 
are given as follows: 
Low fuming 
Applies faster 
Denser deposit 
Increased tensile strength 
Greater bond strength 
Increased hardness of deposit 
Materially improved ductility 
8. Time saving. 
Time ordinarily lost in removing a 
bare rod from the molten puddle and 
dipping it into a flux can is time saved 
when Airco High-Test Flux-Coated 
Bronze Welding Rods are used, the 
manufacturer states. The flux will not 
fall off when the rod is excessively 
bent, it is asserted. 

For those who prefer a bare welding 
rod, the same outstanding flux is avail- 
able in a liquid paste form. 

For full information and descriptive 
literature write Air Reduction Sales 
Company, 60 East 42nd Street, New 
York, New York. 
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.-they’re ‘tailor-made’ 
to fit your service needs 


HESE valves look different—and are different—both gives accurate flow regulation and repels the severe effects 
inside and out! They're “tailor-made” for the work- of throttling service. 
ing conditions of high pressure-temperature services in 





the oil industry. IN 8 SIZES UP TO 2 INCHES 

Each pattern is built of materials aiding finest develop- Those are but few of many engineering improvements 
ment of flow control principles. They are of heavier sec- giving Crane Small Steel Valves “tailor-made” adaptabil- 
tion where service, or installation stresses require greater ity to your piping services. You'll have no maintenance 
strength. They are lighter where weight in ordinary valves _ troubles with these valves—they’re designed for easy look- 
is merely excess weight. Their compact, well-proportioned ing after. Easy to take apart and re-assemble— without the 


exteriors show careful and balanced design throughout. threat of leaks or damaged parts. 


Once you've tried Crane “tailor-made” Small Steel 
Valves, you'll get a new idea of flow-control efficiency. 


GATES — GLOBES— ANGLES — CHECKS 





With maximum full area openings, the gate valves give Yet they cost no more than ordinary 
truly straight-way flow. Integral cast disc guides make high pressure valves. Your Crane 
disc closure positive and tight. The globe valves assure Representative has the facts await- 
superior flow characteristics. Port diameters are rigidly ing your call. Or, write today for 
uniform—never less than the inside diameter of body seat _ this catalog giving full descriptions 
rings. Crane wide-seating plug type disc construction and ratings on the complete line. 

—_— ae eee owe eee oe oe eee 
C 2 A N CRANE CO., 

836 S. Michigan Ave., Chicago, III. 

Without obligation, please send me a catalog on Crane 
“tailor-made’’ Small Steel Valves. 


PE 12 
CRANE CO., GENERAL OFFICES: 
836 S. MICHIGAN AVE., CHICAGO 
VALVES + FITTINGS + PIPE 
PLUMBING + HEATING + PUMPS 


CHOOSES ESE EETEEEEEHEEHEHEHHEHHEHHESE SESE SESE SESESESESS 





zZ 
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NATION-WIDE SERVICE THROUGH BRANCHES AND WHOLESALERS IN ALL MARKETS 
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Plastic Packing Has Rein- 
forced Tape Vulcanized 


on Back 

ta Crane Packing Company, 

1800 Cuyler Avenue, Chicago, 
Illinois, announces a new development 
in the manufacture of their Super-Seal 
plastic packing. It is now being made 
with a patented tape back reinforce- 
ment securely vulcanized to the outer 
surface of the packing. This vulcan- 
ized tape reinforcement replaces the old 
frictional woven cotton jacket and now 


. - asta ; 

a non-frictional surface bears directly 
against the moving part. Due to the 
tape back reinforcement, this new 


packing is extremely pliable and can 
be bent around small-diameter rods and 
shafts without fracturing or cracking, 
or formed into small I.D. rings with- 
out distortion, the manufacturer states. 

Super-Seal is a dry-graphitized plas- 
tic packing made from pure long- 
fiber asbestos, anti-frictional metal 
particles, and special binders. It con- 
tains no oils that can be driven off by 
heat or pressure and the packing flows 
easily under gland adjustment. This 
packing is recommended by the manu- 
facturer for centrifugal and rotary 
services such as centrifugal feed pumps, 
low-pressure steam rods, valve stems, 
centrifugal pumps, rotary pumps, and 
expansion joints. It is available in six 
styles for special services. Each of the 
types is available in sizes from '% in. 
to 1 in. graduated by sixteenths, in 
coils, standard length spirals or in die- 
formed rings or sets to stuffing-box 
dimensions. 

Complete details and samples are 
available by writing to the manufac- 
turer. 





New Large Syncrogear 
Motors 
EW double and triple reduction 
geared motors to 30 hp. at 91 
r.p.m. have been added to the U. S. 


Holm PRE-PACKED 


INCREASE WELL PRODUCTION 










Syncrogear line. The larger unit in- 
corporates the pyramidal gear pedestal 
design that provides ample support to 
withstand the extra torsional strains 
and load shocks of geared power, the 
manufacturer states. 

All castings used in this new line of 
large Syncrogear Motors are normal- 
ized, and permanent alignment of 








bearings and gears is thereby assured. 


Both primary and secondary gears 
dip in a large oil reservoir in the pyra- 
midal base of the Syncrogear Motor. 
This design provides an ample oil sup- 
ply to all bearings and gears without 
submerging any rotating parts. 

Write for Syncrogear Bulletin to 
U. S. Electrical Motors, Inc., Dept. 
106, 80 - 34th Street, Brooklyn, New 
York. 


AND PROLONG EQUIPMENT LIFE 





Liner sections are Easily and 
Quickly Welded together. 





The NELSON Gravel Liner for EXPORT has an Inner 
Screen next to the casing. This extra retaining mem- 
ber enables us to gravel-pack each NELSON Liner at 
the factory and ship direct to you in sections, ready 
for installation. This eliminates the usual transporta- 
tion cost on pipe. NELSON Liners can be assembled 
at the well by simply slipping on perforated casing 
and welding. Proper gravel is furnished from your 
own sand analysis or ours, as you prefer. We main- 
tain a modern laboratory for your benefit. 


Sections of the NELSON Liner are slipped over your perforated casing. You can use 
new or used casing or reconditioned drill pipe that is suitable for the innerliner. 






te 


ees NELSUN. PRE PAGW LINED 





NELSON Pre-Packed Gravel Liners, especially designed 
and manufactured for EXPORT, have many advan- 
tages which save time and 
money in overseas’ fields. 
NELSON Pre-Packed Gravel 
Liners Reduce Well Mainten- 
ance Costs, Eliminate Prac- 
tically All Pulling and Bail- 
ing, Increase Production 
and make Equipment Last 
Longer. Many feet of this 
type are now being shipped 
to foreign fields. Illustrated 
literature on request. 


Showing Inner Screen of NEL- 
SON Gravel Liner for Export. 


NELSON PIONEERED THE PRE-PACKED GRAVEL LINER 


J. B. NELSON 


3035 Cherry Ave., Long Beach, Calif. 
FOREIGN DISTRIBUTORS: B & W, INC. 
3545 Cedar Avenue, Long Beach, California 


THE PETROLEUM ENGINEER, DEC., 1940 











Fisher Type 630 Regulator 
HE Fisher Governor Company, 
Marshalltown, Iowa, announces 

they are now marketing their new 

Type 630 Regulator. This new Fisher 

development is for high and inter- 

mediate gas pressure reduction such as 
the primary reduction of pressure in 
farm taps from high-pressure trans- 
mission lines. It is also recommended 
for general applications in refineries 
and gasoline plants. 

The pressure-loading feature built 
into the design of this valve makes it 
possible to maintain the reduced pres- 





sure automatically at the set point re- 
gardless of fluctuations in inlet pressure 
and increases in demand load, it is 
stated. 

Large and small diaphragm assem- 
blies for reduced pressure ranges of 0 
to 30 lb. and 25 to 150 Ib., respec- 
tively, are available. They are inter- 
changeable on all sizes. 


MACHINERY and EQUIPMENT 





Sizes are 1 in., 1% in., 1% in., and 
2 in., with three orifice sizes, 1% in., 
¥g in., and 1 in. The regulator is suit- 
able for inlet pressures to 1000 Ib. per 
sq. in. and for reduced pressure range 
of 2 to 150 Ib. per sq. in. 





Stripper Type Tubinghead 
Includes Easily Replaced 
Stripper 


HE McEvoy Company, Houston, 

Texas, has announced a new 
stripper type tubinghead with slip 
suspension of tubing. 

A stripper rubber of new design, 
giving exceptional thickness at, the 
point of greatest wear, is said to result 
in increased stripper life. When the 
stripper becomes worn it is renewed 
simply by screwing a new low-cost 
rubber into the tubing hanger. 

Slips just above the stripper permit 
movement of tubing to actuate pro- 
duction packers and allow final sus- 
pension of tubing at any desired point. 
Adjustable, confined neoprene packing 
above the slips may be changed under 
pressure without disturbing slips or 
tubing, it is stated. 

Any of the McEvoy Series L tubing 
hangers fit interchangeably in this 
body, thus permitting the substitu- 
tion of lower cost hangers when strip- 





1/8” TO 3/4” PIPE 
5/16” TO 1” BOLTS 


CONTROLLED 


DIE ADJUSTMENT 


DEEP—STANDARD—SHALLOW THREADS 


—are easily produced with “TOLEDO” Adjustable Pipe 


and Bolt Die Heads. 


changed. 


pers are no longer necessary. This 
hanger may be installed or removed 
through blowout preventers. 







Known as the McEvoy Type LDSB 
Tubinghead, this new head is available 
in a complete range of sizes and test 
pressures. It is distributed through 
supply stores. 





Simple, positive adjustment of 4 to 5 turns on pipe 
and 1/64” on bolts. Loosen 4 cover screws and turn 
knurled ring until desired size is reached. Any 

Dies can be reground or replaced at small cost. All handle stock if desired. Your dealer can supply you or 
segments cut equal even when standard setting is write us for further details. 


THE TOLEDO PIPE THREADING MACHINE COMPANY 
TOLEDO, OHIO NEW YORK OFFICE, 502 No.2 RECTOR STREET BLDG. 


For repair work and where threads must be hidden, 
these ““TOLEDO” heads are of real value. 


combination furnished. Ratchet handle or two- 
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Rector Type “MS” Stripper 


Type Tubinghead 

ECTOR Well Equipment Com- 

pany, Fort Worth, Texas, an- 
nounces full production of the new 
Rector Type “MS” Stripper Type Tub- 
inghead designed for use on medium 
pressure wells when operations require 
a tubinghead within which a safe and 
dependable tubing stripper is incor- 
porated. This stripper is adjustable 
from outside the tubinghead by means 
of adjusting screws. Any wear on the 
stripper occurring by reason of tubing 
passing through under pressure can be 


compensated for by the use of these 
manually operated adjusting screws in 
contact with stripper rubber. After 
the desired amount of tubing is in- 
serted in the well, the usual comple- 
tion procedure is followed with the 
stripper holding in check all pressures 
from the annular space. 

This head is also valuable to the 
operator if and when any manipula- 
tion of tubing is desired later, during 
the life of the well. The stripper is of 
oil-resisting neoprene and does not de- 
teriorate under the action of oil or gas, 
it is stated, 
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Ask your supply aie 
about the Grizzly Ro 
) Block Band Ex- 


saves time, 


tar 
change 
ry ane 
labor and money 4 
le 


\gnsures better, 


g brakes. 


u earin 


WRI ZZLY 


ROTARY BLOCKS 


long ger 


IMPERVIO 


Special machine used for testing 
Grizzly Brake Lining and Blocks 
to far higher temperatures than are 
possible in any kind of service. 





i 


‘Will Not 
DUST or SMOKE 











safer, 


Grizzly Rotary Brake Lining and Blocks are 
regularly tested to extreme temperatures far 
greater than possible in any kind of service in 
order to insure proper resistance to heat. The 
hard, dense material contains no abrasive or 
other materials that will score the rim; and in 
addition is impregnated with a special binder 
that serves as a lubricant, and positively prevents 
smoking or dusting under high speed and heavy 
loads . . . For all types of rotary brakes and to 
fic any drum diameter, well pulling machines, 
and winches. Write for Bulletin No, 11-OF. 


E. M. SMITH COMPANY 

600-650 So. Clarence St., Los Angeles, California 

Complete Stocks Maintained in Our Warehouses At: 

407 Velasco St., Houston, Texas.~1008 S. E. 

29th St., Oklahoma City, Okla.= 1621 East 
Yellowstone, Casper, Wyo. 

Export Office: Continental Emsco Co., 30 Rocke- 
feller Plaza, New York City. 

Distributed by Leading Supply Companies. 














The stripper head, as illustrated, 
shows a threaded mandrel support for 
tubing. This support is supplied with 
slips if desired, an advantage when a 
packer is run on tubing. 

The body and top flange are cast 
S.A.E. 3130 chrome nickel steel, the 


mandrel being of hammer forged alloy 
steel. Side outlets are regularly supplied 
. line pipe, but 


threaded for 3-in. A.P.I 








may be supplied with flanged connec- 
tions if desired. This head meets all 
A.P.I. specifications as to dimensions 
and pressure sealing. 





Wiper Developed for 
Oil Lines 


WIRE-LINE wiper, somewhat 
A similar in design to the Patter- 
son-Ballagh Wire-Line Guide, has been 
developed by Patterson-Ballagh Cor- 
poration. Known as Style B, this wire- 
line wiper is developed especially for 





service on producing wells where gas 
and high-gravity oil are encountered. 
It consists of a steel housing and an 





THE PETROLEUM ENGINEER, DEC.., 





1940 















easily replaceable one-piece rubber re- 
fill. The housing is a hinged-steel cast- 
ing, held together with a quick-acting 
butterfly nut and hinged bolt, and 
equipped with hold-down chains. 
Wiping is done with a one-piece, spir- 
ally wound, replaceable rubber refill. 
The wire line running through this 
wiper is completely stripped of oil and 
muck. Details regarding wire-line 
wiper, Style B, may be obtained from 
the manufacturer, Patterson-Ballagh 
Corporation, 1900 East 65th Street, 
Los Angeles, California. 





Manger Flexible Coupling 
, SAVE space and at the same 


time obtain full flexibility—a 
necessary combination in certain ap- 
plications—the Manger Flexible Cou- 
pling has been designed and developed 
by Farrel-Birmingham Company, Inc., 
Buffalo, New York. 
For connecting a shaft directly to 
a flywheel, brake drum or flange the 
Manger coupling provides complete 
flexibility with approximately one-half 


= 
_— 
—=_ 
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= 








the axial clearance usually required, 
the manufacturer states. Moreover, 
the dummy, pilot or stub shaft is 
eliminated. 

The Manger coupling is equally ap- 
plicable for connecting two free-ended 
shafts in combination with a solid, 
flanged, half coupling, which gives a 
remarkably close-coupled connection, 
it is asserted. 

When two units are coupled to a 
single driver with Manger couplings 
it is possible to operate one unit by 
unbolting the coupling and drawing 
back the outer sleeve on the unit that 
is not to be used. As the hub on the 
driver is solid, there are no loose parts 
to interfere with the free rotation of 
the driving shaft. 


In connecting shafts of different di- 
ameters, the Manger coupling, or flex- 
ible member, is mounted on the smaller 
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shaft and bolted to a rigid, flanged, 
half coupling on the larger shaft. As 
the size of the flexible member is de- 
termined by the size of the smaller 
shaft, a smaller and lower priced cou- 
pling can be used. 

In the Manger coupling, compensa- 
tion for misalignment is made by an 
internal sleeve that floats between an 
externally geared hub and an inter- 


nally geared covering sleeve. The in-- 


ternal sleeve, which engages the hub 
and outer sleeve, is free to slide and 
rock, adjusting perfectly for differ- 
ences in alignment. The driving mem- 


ber of the coupling can be either the 
geared hub or the covering sleeve. 
Gear teeth are accurately generated 
on Farrel-Sykes machines. External 
teeth are crowned, which gives full 
freedom to the floating sleeve within 
the design limits of the coupling. 
Compensation is provided for offset, 
angular and combined misalignment 
without resistance to free lateral float 
of the connected shafts, it is asserted. 
Contact areas are large and heavy oil 
lubricating the contact surfaces pro- 
vides a cushion against shock without 
using flexible materials, it is stated. 


HERES WHERE 
THE WORK IS DONE! 


* 


TRACTION... 
NOT POWER ALONE 
1§ WHAT YOU NEED 


When there’s heavy work to do, TWO driving axles 


under the load are better than one. 
FOUR-REAR- 


THORNTO 


YOU SAVE MONEY! 


Take a truck of 114 to 3-tons original 
capacity and let us quickly and at 
low cost convert it to a husky unit 
of 30,000 Ibs. or more gross vehicle 
weight capacity. 


Use the 


wae. DRIVE 


Two ratios, for power and speed, 
easily controlled by a lever in the 
cab. Walking-Beam Flexibility— 
Special spring construction keeps 
equal load on all four driving wheels 
—Perfect balance between power and 
weight. 


THORNTON TANDEM CO. 


DETROIT, MICH. 


8701-8779 GRINNELL AVE. 


Manufacturers also- of the 


THORNTON 


which gives traction when slippery going 


DIFFERENTIAI 
equipped with 


iutomatic-locking 


makes trucks ordinary 


differentials helpless 


“When you need TRACTION you need THORNTON” 
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Taylor Flex-O-Timer 


RECISE timing of the sequence 
and duration of operations involv- 
ing temperature, pressure, humidity or 
combinations of each often means suc- 


- 
eo be 


As & 
oO = 
| 





cess or failure for many industrial 
processes. Adaptable for all-electric, 
all-pneumatic operations, or combina- 
tions of both, the new Taylor Flex- 
O-Timer, introduced by the Taylor 
Instrument Companies, of Rochester, 
New York, permits maximum pre- 
cision of timing with minimum labor 
and expense, it is stated. 

Extreme flexibility is obtained by 
the use of adjustable pins on the re- 
volving drum. Cam cutting is elimi- 
nated and the actuating pins are easily 
and precisely adjusted in circumferen- 
tial undercut grooves on the one-piece 
drum and locked in place with a 
screw. The air valve or switch can be 
turned on and off or vice versa, within 
', of 1 percent of total cycle time by 
means of this extreme adjustability. 

A new latch-trip solenoid operated 
mechanism starts the process instan- 
taneously. This actuates one or more 
snap operators to start the timer motor, 
which is of the high-torque, fan- 
cooled synchronous type, and any out- 
side electrical or pneumatic functions 
to be performed simultaneously at the 
start of the cycle. An external push 
button or limit switch can be used to 
provide the electrical contact to start 
this process. 

When the diversity of the products 
being processed requires considerable 
variation in processing time, Taylor 
Flex-O-Timer offers a varying drum 
speed rotation. The drum is directly 
run by a spur gear train, but a unique 
dog-and-latch mechanism provides 78 
different drum speeds with each gear 
train ratio. Yet the drum speed is 
fixed and positive for any given setting 
and can vary only as the frequency of 
the electrical supply changes. Models 
are also available with a fixed speed 
gear train. 


A new type low leak air valve, used 
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on this new Taylor Flex-O-Timer, uti- 
lizes 99'% percent of the air passed 
through it. The air valve plunger is so 
designed that the air supply port can- 
not at any time communicate with the 
exhaust port, assuring rapid and full 
air pressure application and _ release. 
Dirt particles are sheared off by the 
close fit of the piston, then exhausted 
from the system, making this new type 
valve practically self-cleaning. Its large 
capacity assures faster operation of ex- 
ternal pneumatic equipment without 
the use of auxiliary pilot valves, which 
also simplifies piping, the makers as- 
sert. 





G-E Polyphase Motor, the 
Tri-Clad 
A’ A RESULT of a broad survey 


of the changing requirements of 
its industrial customers, General Elec- 
tric Company, Schenectady, New 
York, announces an entire line of 
completely new polyphase induction 
motors, in integral horsepower sizes, 
to conform with new industrial trends, 
processes, and practices. Known as the 
Tri-Clad motor and representing one 
of the most extensive product changes 
in the history of the company, it has 
called for many new methods in G-E 
motor manufacturing, it is announced. 

In all its ratings it features modern 
streamlined appearance; more complete 
protection—through the use of a cast- 
iron frame—than heretofore available 
except in especially enclosed machines; 
major advances in the insulation of 
current-carrying parts, and improved 
bearing design and lubricating arrange- 
ments, it is stated. At the same time, 
it incorporates the cast-aluminum 
rotor, pressure-relief system of greas- 
ing for ball-bearing motors, and other 
established features. In addition, how- 
ever, it offers many new convenient 
features. 

In recent years there has been an 
increasing and widespread demand for 
more protective features in open, gen- 
eral-purpose motors, engineers of the 
company state. Thus, despite its strik- 
ing modern appearance, major indus- 
trial interest in the new G-E motor 
will undoubtedly center around its 
outstanding mechanical and electrical 
protective features. In place of the 
conventional open frame, it makes use 
of a cast-iron frame of the box type. 
The end shields are designed to match 
the frame and are enclosed above the 
centerline. This combination of frame 
and end shields minimizes contact of 
vital motor parts with foreign mate- 
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rial such as lubricants, coolants, and 
other liquids, as well as chips, tacks, 
etc., at the same time also protecting 
it against accidental blows in handling 
or similar rough usage. The new-type 
insulation, dust-tight bearings, and the 
use of Glyptal in the priming and fin- 
ishing paints armor it against the at- 
tack of harmful agents. 





Marmon-Herrington 1941 
All-Wheel-Drive Trucks 


HERE is a 1941 Marmon-Her- 

rington All-Wheel-Drive truck 
to meet any hauling requirements, ac- 
cording to officials of the company. 
This applies whether the particular job 
calls for a '%2-ton pick-up truck, a 
35-ton six-wheeler, or any sizes in 
between. 

These vehicles incorporate many ex- 
clusive engineering and design features, 
including the distribution of power 
and traction to all wheels, it is as- 
serted. 

The line starts with a series of 
extra-heavy-duty models, with power 
and traction on all four or all six 
wheels, in capacities to 70,000 Ib. It 
also consists of conversions of all 
standard Ford trucks, commercial cars 
and passenger cars to all-wheel-drive. 
More than 40 different models are 
available. 


Marmon-Herrington All-Wheel- 
Drives are widely used in the oil fields, 
as well as in many other services. 


Conversion of standard Fords to all- 
wheel-drive by Marmon-Herrington is 
in no sense an “accessory” job. The 
work requires trained factory person- 
nel, and specialized equipment and 
when completed, results in an_all- 
wheel-drive vehicle with all the ad- 
vantages and dependability that could 
be attained through building from the 
ground up in the Marmon-Herrington 
plant. At the same time, the owner 
has all the world-wide servicing facili- 





ties of the vast Ford organization at 
his command. 

Marmon-Herrington originated the 
idea of converting popular priced mass 
production vehicles to all-wheel-drive, 
it is stated. Proof of the soundness of 
the idea lies in the fact that thousands 
of these units are now used in military 
service and that additional thousands 
are being purchased this year. 

The Marmon-Herrington Company 
has found it necessary to expand its 
manufacturing plant and facilities 
twice during the last six months. Gen- 
eral offices and principal manufactur- 
ing plant are at Indianapolis, Indiana. 





Rotary Connectors 
| ape RY connectors of 100- and 


500-ton capacity, recently were 
added to the line of oil tools manufac- 
tured by Web Wil- 
son Oil Tools, 
Huntington Park, 
California. Features 
are said to include 
an oil bath in which 
the plunger and 
bearing operate, in- 
suring perfect lu- 
brication of the 
bearing and a cush- 
ion for the spring 
action; a simple 
locking device that, 
when locked in the @ 
drilling position, al- 
lows picking up a 
single from the 
pipe rack; ease of 
rotation because of 
a large, double roll- 
er bearing, and an 
improved swivel 
adaptor that pro- 
vides great con- 
venience and economy. Illustrated 
literature describing these connectors 
is available from the manufacturer. 





Improved Grade of Metal- 
Cutting Alloy 


AYNES Stellite” Star J-Metal 

is the latest cobalt-chromium- 
tungsten metal-cutting alloy to be an- 
nounced by Haynes Stellite Company, 
a unit of Union Carbide and Carbon 
Corporation. Thorough and extensive 
tests on production jobs have proved 
the new tools to be a substantial im- 
provement over the former, standard 
grade of “Haynes Stellite” J-Metal 
tools in life between grinds, the manu- 
facturer states. Star J-Metal is recom- 
mended for all machining operations 
now being performed with the original 
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“Haynes Stellite’” J-Metal tools—on 
cast iron, semi-steel, steel, or other 
materials. The new tools can be oper- 
ated under the same conditions as the 
original grade and are ground with 
the same wheels, at the same wheel 
speeds and feeds. Tool life between 
grinds is, however, substantially longer. 
In some cases, too, the increase in cut- 
ting quality makes higher cutting 
speeds and feeds possible. 

Because of these features, Haynes 
Stellite Company has substituted the 
new metal for the old grade of 
“Haynes Stellite” J-Metal tools. The 


new alloy is now available in all of its 
manufacturer’s standard tool bit sizes, 
both squares and flats, and in the many 
standard and special blade designs and 
sizes; also in the form of standard 
welded tip tools and in the many spe- 
cial tool designs for grooving, cutting 
off, counterboring, spot facing, form 
cutting, core drilling, etc. There is no 
increase in the price of these improved 
tools, prices remaining the same as for 
the original J-Metal tools. “Haynes 
Stellite” Star J-Metal cutting tools are 
manufactured and marketed by Haynes 
Stellite Company, Kokomo, Indiana. 

















‘There's Real Flexibility 
in this durable 


McKISSICK 
CORING BLOCK 


1. Adjustable clamps are suitable 
for all beam sizes. | 


2. Full universal swiveling as- 
sembly—assures flexibility. 


3. Ball bearing swivel 
under heavy load. 


4. High load roller bearings on 
large center pin with Alemite 
lubrication. 


Made with 18” and 24” sheave 


ILLUSTRATED BULLETIN 


McKISSICK PRODUCTS CORPORATION | 


TULSA, OKLAHOMA | 








sensitive 





diameters. 
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Houston Chapter A.P.I. 
Meets 


The Houston Chapter of the Amer- 
ican Petroleum Institute held its an- 
nual golf tournament and meeting at 
the Brae Burn Country Club, Dec. 9. 

Upon recommendation of the nomi- 
nating committee, headed by C. E. 
Reistle, Jr., of the Humble Oil and 
Refining Company, the following of- 
ficers were elected to serve for the 
year 1941: 

Chairman, Paul L. Guarin, Shell Oil 
Company, Inc.; first vice-chairman, 
Bowman Thomas, Humble Oil and 
Refining Company; second vice-chair- 
man, J. U. Teague, Hogg Oil Com- 
pany, and secretary-treasurer, Van D. 
Bennett, Bethlehem Supply Company. 

The following six new directors 
were elected to serve a two-year term: 
H. S. Lane, Crown Central Petroleum 
Company; E. V. Hewitt, Pan-Ameri- 
can Production Company; Warren 
Baker, The Oil Weekly; Paul Hub- 
bard, Gulf Oil Corporation; George 
Corless,; Humble Oil and Refining 
Company, and Charles Bedford, Stan- 
olind Oil and Gas Company. 

A chicken dinner was served in the 
evening to 162 members and guests 
and after the dinner R. E. Cogswell, 
Maintenance Engineering Corporation, 























the winner of the golf tournament, 
was presented with a beautiful trophy 
by Paul Hubbard, chairman of the 
tournament committee. Gordon Rich- 
mond, of the Hughes Tool Company, 
handled the arrangements for the 
dinner. 

After the dinner, a program of en- 
tertainment was presented, under the 
direction of Fred A. Christanelli, 
Baroid Sales Company, who served as 
chairman of the entertainment com- 
mittee. 





“Beans” Reardon Addresses 
Los Angeles Nomads 


The November meeting of the Los 
Angeles Chapter of Nomads was held 
at the Mayfair Hotel in Los Angeles 
on Wednesday evening, November 27, 
1940. The speaker for the evening was 
John (Beans) Reardon, umpire for the 
National League, who gave an inter- 
esting discussion on baseball in the big 
leagues and the personalities of base- 
ball players. 

Arrangements for a Spanish class to 
be held weekly in the Baker Oil Tool, 
Inc., auditorium were completed and 
the first lesson for Nomads was held 
December 4. The next regular meeting 
will be held at one of the country clubs 
and will be preceded by a golf tour- 
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2106 Manchester Ave. 












PE MEN 
Know Sheth Rone Done! 


Our salesmen—available through our distributors— 
are trained to analyze your rope problem efficiently. 
Our Engineering Staff is ready to use these analyses 
for recommendations for ‘‘ultimate low cost.’’ Wire, 
write or consult your Telephone Directory. 


UNION WIRE ROPE CORPORATION 


to it! 


Kansas City, Mo. 








HEAT EXCHANGE EQUIPMENT 
NOW CLEANED FASTER 


To get rid of those sludge deposits that so seri- 
ously cut down the heat transfer capacity of 
your exchangers, put efficient, economical Oak- 
ite cleaning to work for you. 


The first thing you will notice is that Oakite 
cleaning is thorough... more complete sludge 
removal will show itself in better exchanger 
performance. But it is lower in cost, too! No 
disassembly of equipment is required. Just cir- 
culate solution of the Oakite material recom- 
mended for your work...that’s all there is 


OAKITE PRODUCTS, INC. 
































nament, for which a novel handicap 
system is being worked out. 

Among the guests from other coun- 
tries in attendance at the November 
meeting were Phil Aswerus, formerly 
with Standard of California in Egypt; 
Erno Bonebakker of B.P.M.; John C. 
Bergman with V.O.C. in Venezuela; 
Mike Bush of Bahrein Petroleum; J. S. 
Campbell of U.B.O.T. from Trinidad; 
J. W. Cune of V.O.C. from Vene- 
zuela; A. T. Gano of Cia de Patroleo, 
Shell de Colombia, from Colombia; 
Clau de H. Goff of U.B.O.T from 
Trinidad; A. J. deJager, of B.P.M. 
from Borneo; Harvey M. Lytel of 
Socony-Vacuum, Egypt; Robert Mc- 
Kean of Caribbean Petroleum from 
Venezuela; Paulo B. Sardinha of Drill- 
ing and Exploration Company from 
Brazil; Clyde Specr of B.O.C. from 
Venezuela, and E. L. M. Trafford of 
B.P.M. 


Foreign Distributors 
The Babcock and Wilcox Tube Com- 


pany, Beaver Falls, Pennsylvania, an- 
nounces that the sale and distribution 
of its seamless steel tubular products 
in Argentina, Brazil, Paraguay, and 
Uruguay are handled by Babcock and 
Wilcox, Ltd., of London, England, 
through their offices in these countries. 





Informative booklet gives complete details. 
Write for your copy today. No obligation. 


Manufactured only by 
48 Thames St. 


a re or CLEANING 


MATERIALS & METHODS FOR EVERY CLEANING REQUIREMENT 
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New York, N. Y. 


Representatives in all Principal Cities of the U. S. and Canada 











Marcel and Conrad Schlum- 

berger Awarded Lucas 
Medal 

Marcel and Conrad Schlumberger 

jointly have been awarded the An- 

thony F. Lucas Gold Medal for 1941 

by the American Institute of Mining 





MARCEL SCHLUMBERGER 


and Metallurgical Engineers. The 
award is in recognition of “distin- 
guished achievement in improving the 
technique and practice of finding and 
producing petroleum.” The recipients 


for 1941 were recommended by a spe- 








Above is illustrated how the “140” (one of several “Cleveland” 
Models) handles rough, rocky jobs. 


cial committee of 16 leaders in the 
petroleum industry headed by Joseph 
Jensen of Los Angeles, California, 
chief petroleum engineer for the Tide 
Water Associated Oil Company, as 
chairman. 

The award to the Schlumberger 
brothers is made in recognition of 





CONRAD SCHLUMBERGER 


their pioneer work in developing 
methods for electrical coring or log- 
ging of oil wells. As early as 1910, 
Conrad Schlumberger engaged in elec- 
trical subsurface exploration in France 








while a professor in the School of 
Mines in Paris. He was joined by his 
brother Marcel, who also was an en- 
gineer, about 1920, and together they 
developed their methods, which today 
are in general use throughout the 
world. 

The Lucas award is made posthu- 
mously to Conrad Schlumberger, who 
died in 1936. 





Dr. Bartow to Act as 
Research Consultant for 
Johns-Manville 


Dr. Edward Bartow, who has been 
granted a year’s leave of absence as 
emeritus professor of the University 
of Iowa Department of Chemistry and 
Chemical Engineering, has joined the 
research laboratories of Johns-Manville 
Corporation at Manville, New Jersey, 
as chemical consultant, it is announced 
by L. R. Hoff, vice-president of Johns- 
Manville in charge of sales and re- 
search. 


Dr. Bartow, former president of the 
American Chemical Society and presi- 
dent in 1921 of the American Water 
Works Association, will act as research 
consultant with Johns-Manville in 
connection with chemical problems in- 
volved in all phases of the company’s 
research activities, Hoff said. 











prepared. 


THE CLEVELAND TRENCHER COMPANY 


“Pioneer of the Small Trencher" 


20100 St. Clair Avenue 


CLEVELAND, OHIO 


Seared to Field Re 
“CLEVELANDS” 


Go ANYWHERE-ANYTIME 


are built right in. 


Illustrated at right, an important “Cleveland” 
feature — Truck Speed Transportation on 
specially built trailers — Machines load or 
unload in about 15 minutes. 
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and DIG 


our next job — where will it be? What 
kind of field conditions will be encountered? 
Equip yourself with “Clevelands” and be 


All-round performers, these machines are 
geared to the job. The features necessary for 


superior performance under all conditions 




























































A A RECENT meeting in Chicago 
of the newly organized American 
Association of Oil Well Drilling Con- 
tractors officers and directors were 
elected and by-laws adopted. 

J. E. Brantly, president, Drilling 
and Exploration Company, Los An- 
geles, California, and Dallas, Texas, 
was elected president of the organi- 
zation; Harry L. Edwards, Harry L. 
Edwards Drilling Company, Houston, 
Texas, was chosen vice-president-at- 





J. E. BRANTLY 
President 


WARREN G. CHURCHILL 
Vice-President for Rotary Drilling 
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American Association of Oil Well Drilling Contractors 


Elects Officers 


large; Warren G. Churchill, president, 
Arrow Drilling Company, Tulsa, 
Oklahoma, was named vice-president 
for rotary drilling; John J. Klise, pres- 
ident, Kemrow Drilling Company, 
Wooster, Ohio, was made vice-presi- 
dent for cable tools, and C. J. Paine, 
partner in F. B. Paine Drilling Com- 
pany, Dallas, Texas, was elected sec- 
retary and treasurer. 

Thirty directors have been selected 
and the following have accepted to 





HARRY L. EDWARDS 
Vice-President at Large 


JOHN J. KLISE 
Vice-President for Cable Tools 


date: Will I. Lewis, Mt. Vernon, IIli- 
nois; R. A. Stacy, Delta Drilling 
Company, Tyler, Texas, and Shreve- 
port, Louisiana; Arch Rowan, Rowan 
Drilling Company, Fort Worth, 
Texas; Leslie Fain, Fain Drilling Com- 
pany, Oklahoma City, Oklahoma; 
M. J. Delaney, M. J. Delaney Drilling 
Company, Dallas; J. E. Brantly; Wal- 
ter G. Tschudin, Pioneer Drilling 
Company, Salem, Illinois; C. J. Paine; 
Harry Edwards; W. G. Churchill, and 
John J. Klise. 

The finance committee is headed by 
Leslie Fain and includes Charles Rider, 
Drilling and Exploration Company, 
Dallas; Ernest J. Nicklos, Houston, 
Texas; Harry Bass, Dallas, and C. J. 
Paine. 

The publication committee is com- 
posed of William McBee, M. J. De- 
laney Company, Dallas; Ed Fox, 
Hissom Drilling Company, Tulsa; 
Crawford Fullilove, R. A. Allison 
Drilling Company, Shreveport; Arch 
Rowan, and C. J. Paine. 

The by-laws provide that the or- 
ganization have six classes of mem- 
bers. Senior members will be those 
occupying executive, administrative, 
or professional positions down to and 
including tool pushers. Junior mem- 
bers will consist of employees of drill- 
ing contractors below the rank of tool 
pusher. The other four classes are asso- 
ciate members, sustaining members, 
contributing members, and honorary 
members. 





C. J. PAINE 


Secretary and Treasurer 
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Walter Smith on 
Extensive Trip 


On an eastern business trip Walter 
G. L. Smith, general manager of E. M. 
Smith Company of Los Angeles, Cali- 
fornia, manufacturer of Grizzly oil 
field products, recently concluded a 





WALTER G. L. SMITH 


few days spent in the Houston dis- 
trict. His important conferences, 
scheduled with leading oil company 
executives in the major fields through- 
out the Mid-Continent and Gulf 
Coast, will possibly include discus- 
sions on the latest E. M. Smith Com- 
pany announcement of a new method 
of installation of Grizzly ‘““Hug-Tite” 
drill-pipe protectors and stabilizers. 


H. L. Curtis Named Adver- 
tising Manager by Shell 


H. L. Curtis, until two years ago a 
sales manager with no actual advertis- 
ing experience, has just been made 
sales promotion and advertising man- 
ager of Shell Oil Company, Inc., New 
York, New York. He will be in com- 
plete charge of all advertising activ- 
ities east of the Rockies. 

His appointment indicates the suc- 
cess of an experiment begun in 1938, 
says L. T. Kittinger, marketing vice- 
president. It was felt then that adver- 
tising was so much a part of selling 
that the best advertising manager 
should be a sales manager of proved 
ability. Curtis, then manager of the 
metropolitan New York division, was 
offered the position of advertising 
manager of the eastern marketing unit. 
With an outstanding record as east- 
ern advertising manager, Curtis was 
the logical man to head the new sales 
promotion-advertising department 
formed by the merger this fall of the 
two Shell marketing units formerly 
operating in the east and mid-west. 

The assistant manager, Jamie T. 
Irvine, is also a graduate of the sales 
department. He, too, started in a Shell 
service station, eight years ago in St. 
Louis, and worked his way up the 
ladder. 

The J. Walter Thompson Company 
continues as advertising agents for the 
entire country. Henry Stevens is ac- 
count executive. 
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Jack Walton Leaves 
Emsco Derrick 


After being in harness intensively 
and continuously for about 20 years, 
Geo. W. (Jack) Walton, native Texan 
and widely known throughout the pe- 
troleum industry, is taking a long 





GEO. W. (JACK) WALTON 


planned and much needed vacation 
from business during the next few 
months. 


Jack is one of the best known men 
in the oil equipment business, having 
joined the Transcontinental Oil Com- 
pany as purchasing agent shortly after 
serving in the air service during the 








first World War. Previous to his war 
service he was in business in the Joplin 
mining district, being a graduate of 
the Missouri School of Mines. 


After leaving Transcontinental, 
Jack was with the National Supply 
Company for five years, a portion of 
the time in Europe with headquarters 
in London. Later he joined Wilson- 
Snyder Manufacturing Company. 


For nearly 15 years he has been 
connected with Emsco Derrick and 
Equipment Company, serving in many 
capacities, during recent years as vice- 
president and sales manager. 


He is an active member of the Los 
Angeles Chapter of Nomads. 


Jack states he has several proposi- 
tions under consideration for the fu- 
ture, all of which are in the oil equip- 
ment industry. But first—that well 
earned vacation and rest. 





Bethlehem to Erect New 
Pipe Warehouse 


Announcement has been made by 
Bethlehem Steel Company of plans for 
a new pipe warehouse and increased 
finishing capacity to round out facili- 
ties at its new continuous-weld pipe 
mill at its Maryland Plant, Sparrows 
Point, Maryland. The new warehouse 
will increase storage facilities 70 per- 
cent. Completion of the new ware- 
house is scheduled for early summer. 





wk NEW FEATURES * 
NEW DESIGNING * NEW ECONOMIES 


@ Profit by using this new and 
improved Link-Belt mud 





MOTOR OR STEAM 
TURBINE MAY BE USED 
(MOTOR RECOMMENDED) SCREEN TH AGAINST ABRASIVE 


M PLATE PROTECTS 















FULLY ENCLOSED 
ROLLER BEARING 


weRaTO® UNIT 


SCREENED MUD 5 
OF TROUGH CONNECTION ~ PERMIT QuIce 
| OTHER OF BOTH SIDES @EPLACEMENT OF CLOTH 





weae 
AND PERMITS UTILIZING ENTIRE SCREENING ARES 


ADJUSTABLE SWINGING GATES 
ASSURE GOOD OFS TRIBUTION 


STAINLESS STEER: SCREEN 
CLOTH CUSHIONED ON 
F.C TUBES GES 


screen. It will give you every- 
thing a driller could ask for— 
advanced design . . . many new 
and exclusive features — built 
to new standards in perform- 
ance, efficiency and depend- 
ability. Ask for Folder PE-1872-A. 


LINK-BELT COMPANY 
Philadelphia, Indianapolis, Los 
Angeles, Chicago, New York, 
Houston, Dallas. Sold by most 
supply houses. 8257 








LINK-BELT 
MaD 


SCREEN 


THE VIBRATING SCREEN 
THAT HAS EVERYTHING 
































THE ACCURATE 


COMPUTING INSTRUMENT 





LONG MOVEMENT 
MAKES LINE SCALES 
SUS a 


@ A straight hole and highest 
drilling efficiency depends on 
the accuracy and sensitivity 
of your weighing instrument. 
To obtain these results, Line 
‘Scales are built with the long- 
est movement possible. The 
very slightest variation in 
weight is indicated on the dial. 
Only a long movement can 
satisfactorily compensate for 
movement losses. Simplicity is 
maintained by the use of only 
one hand to watch and one 
weight to read. 



































Whatever your drilling or well- 
servicing task demands—from 
40,000 pounds to 500,000 
pounds-—there’s a LINE SCALE 
designed for that specific job. 


SOLD THRU YOUR 
FAVORITE SUPPLY STORE 


























Line Scale Co., Inc. 








907-11 S.E. 29th ST. 2-1765 P.O..Box 4245 
OKLAHOMA CITY 








EXPORT REP: 
Lloyd G. Ensign, 
30 Rockefeller Plaza, 
New York, N. Y. 


GULF COAST SALES 
AND SERVICE 
Brown Oil Tools, Inc., 
Houston, Texos. 





















J. O. Lashar Designs 


Patriotic Button 

Jay O. Lashar, director of adver- 
tising, American Chain and Cable 
Company, Inc., has designed a patri- 
otic button, shown in the accompany- 





ing sketch. All royalties are to be 
donated to the American Red Cross, 
and Lashar suggests they would make 
a splendid good-will give-away item 
by individuals, companies, or organi- 
zations. The Parisian Novelty Com- 
pany, Chicago, Illinois, has been 
granted the license to manufacture 
these buttons and all inquiries should 
be directed to them. 





Book Lists Advertising 
Schedules 


With the issuance of the 1940 
Annual Book of Brad-Vern’s Reports 
published by the Brad-Vern Company, 
135-21 Union Turnpike, Flushing, 
New York, it becomes possible for the 
first time to look up the advertising 
schedule of a company as readily as 
one might find a telephone number. 

The publisher has not yet taken 
time out to count the number of 
advertisers whose advertising schedules 
have been reconstructed from the pub- 
lic record and put in the 1940 Annual 
Book, but estimates indicate there are 
some 15,000 of them. Eighteen 
months’ issues—January 1, 1959, to 
June 30, 1940—of 230 leading busi- 
ness papers have been reviewed. All 
advertisements in these papers occupy- 
ing a quarter-page or more of space 
have been tabulated and arranged in 
advertising schedule form to tell who 
advertised, where they advertised, 
when they advertised, and how much 
space they used. 





Receives Melville Medal 
The Melville Medal for original en- 
gineering work was presented to Carl 
A. W. Brandt at the 61st Annual 
Meeting of the American Society of 
Mechanical Engineers in New York 





City. Brandt, chief engineer of The 
| Superheater Company, New York, re- 
| ceived the award for his paper: “The 
| Locomotive Boiler.” 








Frank Praeger President of 
Alcorn Combustion Co. 
Frank H. Praeger has been elected 

president and a director of the Alcorn 

Combustion Company and Roy §. 

Lyster has been named vice-president 





FRANK H. PRAEGER 


and a director, to succeed James S. 
Alcorn and Arthur E. Nash, who died 
recently. 

Praeger is a native of San Antonio, 
Texas. He was graduated from the 
University of Pennsylvania in 1923, 
and after graduation worked for the 
Public Service Company of New 
Jersey. 

Since 1926 he has been associated 
with the Alcorn Combustion Com- 
pany as a sales engineer and was in 
charge of the company’s first branch 
offices in Tulsa and later in Los An- 
geles and San Francisco. In 1935 he 
was made sales manager. 

Lyster is a native of Philadelphia, 
Pennsylvania. He was graduated from 
the University of Pennsylvania in 
1919. He joined the engineering force 





% 
ROY S. LYSTER 
of the Alcorn Combustion Company 
in 1927 and in 1935 was made chief 


engineer. 
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Southern California A.I.M.E. 


Elects Officers; Ruby 
Speaks 


Oil production prospects of the 
southern part of South America were 
discussed by Glen M. Ruby, consulting 
geologist of Los Angeles, California, at 
the annual meeting of the Southern 
California Section of the American 
Institute of Mining and Metallurgical 
Engineers, held in Los Angeles, De- 
cember 5. 

At the election of officers for the 
year 1941 the following were chosen: 


V. H. Wilhelm of The Texas Com- 





GLEN M. RUBY 


pany, chairman; W. C. Browning of 
Golden Queen Mines, vice-chairman; 
C. D. Watson of Seaboard Oil Com- 
pany, vice-chairman, and Walter Able 
of the Corporation Division, State of 
California, secretary-treasurer. 

Ruby recently returned from Ar- 
gentina where he has done extensive 
geological work. At this time Argen- 
tina is producing approximately two- 
thirds of the total amount of oil 
required locally and there is a con- 
tinued search for new fields. Because 
of the lack of coal there is a big de- 
mand for fuel oil, and Diesel engines 
are used to a great extent in that 
country. Some areas have not been 
prospected due to lack of water but 
exploratory work is being carried on 
in many sections. A most interesting 
report was of an oil sand being cored 
below 10,000 ft. in a recent well in 
one of the fields of the Mendoza area. 
Also of interest is the possibility of a 
pipe line being constructed from the 
Mendoza field to tidewater. 

Touching briefly on the subsurface 
conditions of Argentina, Ruby said 
that the structures in the Comodoro 
Rivadavia area were anticlinal but to 
the north and west around Plaza 
Huincul that, although many appear 
anticlinal, the accumulation is not 
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anticlinal. Here it is difficult to pre- 
dict the structural possibilities. Be- 
tween Plaza Huincul and the Mendoza 
fields to the north is a mountain 
range and in the two basins thus 
formed, different types of sediments 
are found. The structures of the Men- 
doza area are orthodox and this 
province shows signs of increasing im- 
portance. In the northern fields lying 
near the border of Bolivia there is no 
accumulation in the Devonian al- 
though to the north in Bolivia oil is 
found in that formation. Oil of the 
northern fields of Argentina is found 
in what may correspond to the Per- 
mian or Pennsylvanian but the best oil 
here comes from the lower Tertiary, 
probably the Eocene. 


In Chile the government is making 
an effort to find oil-but Ruby believes 
the prospects are rather poor from a 
geological standpoint. In Bolivia there 
are several structures but no market 
outlet as it is difficult to reach the 
Bolivian fields because of the surface 
conditions. There is a possibility that 
production may be exported into Ar- 
gentina by rail. There are probably 
oil-bearing formations in the northern 
part of Paraguay but here too it is 
dificult to get production out. In 
Uruguay some formations show signs 
of oil and shales are oil bearing. The 
formations may extend into Brazil. 





Walter W. Brown Made 
Vice-President Smith 
Meter Company 


Walter W. Brown, who, for the last 
14 years has been connected with the 
Ralph M. Brodie Company of Oak- 
land, California, has been appointed to 
the vice-presidency of the Smith Meter 
Company at Los Angeles. 

“Brown’s appointment to this post,” 
said H. F. Detrick, president of the 
Smith Meter Company, “comes as a 
result of his years of experience in the 
marketing and distributing branches 
of the petroleum industry. For many 
years, Brown has specialized in the de- 
velopment and use of meters for meas- 
uring petroleum products at both 
wholesale and retail points of sale.” 

The company recently announced a 
new line of meters that incorporates 
many improvements developed in its 
laboratories through close contact with 
field conditions. All Smith meters are 
of the rotary type. The new line in- 
cludes three sizes in truck meters, five 
models of line meters from 0 to 650 
gal. per min., and five high-pressure 
meters capable of handling to 650 gal. 
per min. and operating under pressures 
to 1000 lb. 
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FRANCE 
METAL 
PACKING 






Type No. 270 for 
Gas Compressors 


— 


PREVENTS 


Gas Leakage 
ae ia 


Regardless of pressure or tem- 
perature, FRANCE ‘‘full-floating”’ 
Metal Packing quickly saves its 
initial cost by preventing leakage 
in any type of gas compressor 
stuffing box. Provides efficient 
service for years without main- 
tenance expense. 








The type illustrated can be pro- 
vided with a vent connection in 
addition to the lubrication con- 
nection, if desired. The number 
of pairs of wearing rings depends 
on the amount of pressure to be 
held. 


You can also increase efficiency 
and reduce packing costs by in- 
stalling FRANCE ‘‘full-floating” 
Metal Packing on your engines 
and pumps. 


Write for detailed information 
and Catalog M-3. 


THE FRANCE PACKING COMPANY 
Tacony, Philadelphia, Pennsylvania 


Mid-Continent Representative 
MR. J. M. FULLER, 2603 Azle Avenue 
Fort Worth, Texas 
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Protecting Pumping Units From High Water 


eye Horn Oil Corporation has 
drilled five producing oil wells on 
a giant sand bar along the edge of the 
Wabash river in the extreme southern 
tip of Wabash county, Illinois, fifteen 
miles southwest of Mount Carmel. 
The pumping units have been ele- 
vated 25 ft. above the bar on piling 
driven into the sand in a triangular 
pattern with the apex of the triangle 
pointing upstream to break the force 
of water and ice in winter season. 


The platforms of the structures are 
placed above known flood high marks 
so that when overflows come in the 
river the water will not interfere with 
operation of the wells. These wells 
were drilled recently during a long dry 
period when the river was at an un- 
usually low stage. A small flood in the 
stream brings the water level up 
around the piling. 


Long Horn also has eight other 
wells on the same lease. They are lo- 
cated on higher bottom land that be- 
comes inundated but over which flood 
water does not get so deep. Pumping 
units at these wells are mounted on 
steel frames above record flood level 


| New Officers East Texas 


Chapter A.I.M.E. 


The 1941 officers of the East Texas 
Section of the American Institute of 
Mining and Metallurgical Engineers 
have been elected as follows: 

N. N. Jones, Humble Oil and Re- 
fining Company, Kilgore, Texas, chair- 


N. N. JONES 
man; E, L. Rawlins, Union Producing 
Company, Shreveport, Louisiana, and 
E. H. Blum, The Atlantic Refining 
Company, Dallas, Texas, vice-chair- 
men, and M. L. Mayfield, Cities 
Service Oil Company, Gladewater, 
Texas, secretary-treasurer. 
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and the units are enclosed in small 
galvanized houses. 


On the adjacent Phillips-Hays lease 


Piling structure for deep- 
water use 


on the Shultz land pumping units are 
mounted on concrete bases above flood 
level. 


Steel structure for shallow- 
water use 





a two-year term, of E. DeGolyer, 
DeGolyer and McNaughton, Dallas, 
Texas; E. L. Caster, Arkansas Fuel Oil 
Company, Shreveport, Louisiana, and 
J. W. Steele, Federal Tender Board, 
Kilgore. For a one-year term, H. F. 
Winham, Shell Oil Company, Inc., 
Kilgore, Texas; T. W. Johnson, Union 
Producing Company, Shreveport, 
Louisiana, and R. H. McLemore, Sun 
Oil Company, Dallas, Texas. 





Officers Elected by East 
Texas Chapter A.P.I. 


The East Texas Chapter of the 
American Petroleum Institute has 
elected officers for 1941 as follows: 

E. B. Miller, Jr., chairman, Tide- 
water Associated Oil Company, Kil- 
gore, Texas; Robert M. Bass, vice- 
chairman, Robert M. Bass, Inc., Kil- 
gore; Murray C. Sells, vice-chairman, 
Sells Petroleum, Inc., Longview, Texas; 
B. E. Moir, vice-chairman, Atlantic 
Refining Company, Longview; D. M. 
Kerr, secretary-treasurer, Lufkin Foun- 
dry and Machine Company, Kilgore, 
and John H. Murrell, assistant secre- 
tary-treasurer, Shell Oil Company, 
Inc., Kilgore. 





T. J. Costello With Maloney 


The board of directors consists, for 


Tank Company 


The Maloney Tank Manufacturing 
Company, through its president, J. S. 
Warren, is pleased to announce that 


T. J. COSTELLO 


T. J. Costello has been made general 
sales representative in Tulsa, Okla. 
Costello goes to the Maloney com- 
pany from the Parkersburg Rig and 
Reel Company, having been situated 
at Houston, Texas. He has a wide- 
spread acquaintance in the oil coun- 
try, having been in the Parkersburg 
sales division for the last 15 years. 


THE PETROLEUM ENGINEER, DEC., 1940 








Parkersburg Announces 

Pacific Coast Manager 

The Parkersburg Rig and Reel 
Company has announced the appoint- 
ment of P. L. Brooks as Pacific Coast 
manager, effective December 1. Brooks 
is in charge of sales in the states of 





P.L. BROOKS 


California, Oregon, Washington, Colo- 
rado, Wyoming, and Montana. Head- 
quarters for the Pacific Coast territory 
is at Parkersburg’s Los Angeles office, 
4001 East Washington Boulevard. 

For the last several years Brooks has 
been at Parkersburg’s Dallas, Texas, 
sales office. 





Petroleum Industry Census 


Nears Completion 


It is reported that the work of 
assembling the 1940 Census of Mines 
and Quarries is nearly completed. This 
census should be of tremendous inter- 
est to the petroleum industry inas- 
much as it will include the first com- 
plete inventory of the oil and gas 
business in 20 years. The value of the 
work will rest in the fact that de- 
tailed reports have been solicited from 
all oil and gas producers as a basis for 
the compilation. The response from 
these producers has generally been 
gratifying but an earnest appeal is is- 
sued to those operators in the Mid- 
Continent area who have not yet 
returned their reports to do so imme- 
diately so the census may be complete. 
Any operators who failed to receive a 
schedule through oversight may pro- 
cure one by addressing O. E. Kiessling, 
Chief, Census of Mines and Quarries, 
Census Bureau, Washington, D. C. 
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New York Chapter of 
Nomads Meets 


The November meeting of the New 
York Chapter of Nomads met at the 
Hotel Warwick. Following the busi- 
ness meeting, members joined their 
guests for dinner and informal enter- 
tainment in the Hunt Room of the 
hotel. Currently popular motion pic- 
tures of recent oilfield developments 
were shown following the dinner. 
Those in attendance were: 

J. H. Baird, E. A. Beverly, J. Berlin, 
A. H. Stepney, P. Van Wert, E. H. 
Trammell, E. M. Gretzler, E. A. 
Wright, L. G. Ensign, E. S. Morton, 
H. B. Book, E. F. Carney, W. J. Mol- 
loy, D. G. Schnabel, W. P. Laseter, 
F. W. Herrschaft, F. J. Olson, A. A. 
Dill, H. E. Slater, G. R. Woods, W. 
Jakubek, C. Staines, A. J. D’Arcey, J. 
Behr, M. F. Delano, R. O. Outwater, 
H. B. Cheswick, H. E. Maland, W. H. 
Koehler, F. L. Convers, Geo. H. Eich- 
ler, Jack Murray, C. J. DeLay, C. 
Lloyd Cain, Ed Landgraff, Ken Lang- 
ley, A. L. Woracek, G. M. Stewart, 
W. S. Fellows, Chas. Geddes, P. J. 
Lea, W. J. Campbell, E. Racek, and 


Sam Gallay. 





Bucyrus-Erie Appoints Texas 
Panhandle Distributor 


Bucyrus-Erie Company, South Mil- 
waukee, Wisconsin, manufacturer of 
cable-tool drilling rigs, has appointed 
the Murray Tool and Supply Company 
of Texas, Pampa, Texas, as its dis- 
tributor of oil-well drills for the Pan- 
handle territory, according to an an- 
nouncement by L. B. Birckhead, drill 
sales manager of the Bucyrus-Erie 
Company. 

E. C. Sidwell, head of the firm, has 
been an oil-well driller for some years 
and has, therefore, ample background 
to understand the many problems con- 
fronting oil-field operators in their 
work today. R. C. Riggs recently was 
appointed southwestern representative 
for Murray Tool. 





E. H. Armstrong Receives 
Holley Medal 


Edwin H. Armstrong, professor of 
electrical engineering at Columbia Uni- 
versity and pioneer in the field of 
“frequency modulation” and other ra- 
dio circuits, received the Holley Medal 
of the American Society of Mechanical 
Engineers on December 4. 

The Holley Medal is presented pe- 
riodically by the American Society of 
Mechanical Engineers for distinguished 
service in engineering and science. 

























Hose F, 4" | TOTAL* 
29 Months HOSE COST 
| in Service | 1 7/10¢ 
| 53,000 Ft. of Per Foot of 


Hole Drilled | Hole Drilled 


| 

! \ 
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(and the hose is still in service) 
*Includes Purchase Price and Upkeep. 


EASY 
TO HANDLE 


Unlimited flexibility 
on the job. Folds 
into a compact unit 
when out of service, 
for easy handling. 
Not affected by cli- 
matic conditions or 
age. Light in weight. 








BUY THE HOSE 
THAT FITS YOUR 
PUMPS 


4” and 5” Sizes for 


Drilling 


3” for Standby and 
Pressure Service 


45’, 50’, 55’, 60’ 
Lengths 


Gulf Engineers, Inc., Distributors 
in Texas, Louisiana, Arkansas 
and New Mexico. 


Well Equipment Mig. Co., Distrib- 
utors in Oklahoma and Kansas 


7 N re IN 
TOOL COMPANY 


BREA, CALIFORNIA 





BALL BEARING SWING JOINTS for ALL PURPOSES 
ALL-STEEL ROTARY HOSE 
CIRCULATING HEADS @ MUD GUNS 
THREE-WAY DISC BIT 
STANDARD AND HEAVY DUTY REAMERS 
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A PACT 


Sand-Banum removes and pre- 
vents boiler scale and corrosion— 
regardless of water and operating 
conditions 

or. 


YOU OWE US NOTHING. 





‘eo 
xX Entirely 


Different Boiler 
and Engine Treatment”’ 


Does it surely, safely and eco- 
nomically. We will prove it by the 
record...or... 

YOU prove it by your own test. 
Write for details of non-obliga- 
tory “Satisfaction OR No Money 
Guarantee.” 


AMERICAN SAND-BANUM 
COMPANY, Inc. 
9 Rockefeller Plaza New York City 






































Look for the ’ ; Arm-and-Hammer 


Improved 


PIPE 
CUTTERS 


The Drop-Forged and 
“Combination” Pipe Cut- 
ters can be used as a 1 
or 3 wheel cutter. All are 
improved cutters, accu- 
rately made with hardened 
steel pins and rollers, 
Thrust rods of “Saun- 
ders’’ type cutter are hard- 
ened at the paint and bear 
on embedded; hardened 
steel block. On “Barnes 
Type,” the thrust is ta’en 
up by drop-forged steel 
sections. Parts are inter- 
changeable with other 
standard makes. All are 
Cadmium Plated. 


ARMSTRONG BROS. 
Knife Blade Cutter 
Wheels cut much faster 
and easier, hold their keen 
cutting edge, for they are 
made of Vanadium Tool 
Steel, heat treated, hard- 
ened,and cadmium plated, 







Write today for Cat- 
alog C-39, showing 
the most complete line 
of Pipe Tools made. 


ARMSTRONG BROS. TOOL COMPANY 
“The Tool Holder People”’ 
331 North Francisco Avenue 
CHICAGO, U. S. A. 





W. K. Hanna Manager of 
Roebling’s Pittsburgh 
Territory 
The John A. Roebling’s Sons Com- 
pany, Trenton, New Jersey, has an- 
nounced the appointment of W. K. 





W. K. HANNA 


Hanna as manager of the Pittsburgh 
territory, which includes western 
Pennsylvania and certain areas in 
Maryland, Virginia, West Virginia, 
and Kentucky. 

Hanna began his business career as 
salesman for the Charleston Electrical 
Supply Company, Charleston, West 
Virginia, and not long afterward, Au- 
gust 15, 1919, entered the Roebling 
organization as sales representative for 
the company’s complete line of wire 
rope, electrical wires and cables, woven 
wire and flat wire specialties through- 
out southwestern Virginia and south- 
ern West Virginia. 

After gaining quite some promi- 
nence in his territory, Hanna was 
made assistant manager of Roebling’s 
Philadelphia branch, a position which 
he held until his present appointment. 


Oklahoma Utilities Associa- 
tion Elects New Officers 


At a meeting of the board of 
directors of the Oklahoma Utilities 
Association held in Tulsa, Oklahoma, 
December 5, new officers and directors 
for the year 1941 were elected. 

The 1941 Annual Convention of 
the association will be held in Tulsa, 
Oklahoma, March 17 and 18, 1941. 
The convention chairman selected is 
W. L. Woodward, and his committee 
consists of J. C. Happenny, Glenn C. 
Kiley, Paul K. Sticelber, and William 
H. Bagley. 

The following officers were elected: 

President, R. K. Lane, president, 
Public Service Company of Oklahoma, 
Tulsa, Oklahoma; first vice-president, 
W. L. Woodward, president, Zenith 
Gas System, Inc., Alva, Oklahoma; 














second vice-president, J. C. Happenny, 
president, Oklahoma Power and Water 
Company, Sand Springs, Oklahoma; 
treasurer, B. M. Lester, vice-president 
and treasurer, Oklahoma Gas and 
Electric Company, Oklahoma City, 
Oklahoma; secretary, Kate A. Niblack, 
secretary, Oklahoma Utilities Associa- 
tion, Oklahoma City. 





Du Pont Enlarging 


Neoprene Plant 
In anticipation of increased demand 
for neoprene, synthetic rubber, E. I. 
du Pont de Nemours and Company 
has started construction of a further 
addition to the neoprene plant at 
Deepwater Point, New Jersey. These 
new facilities are expected to be com- 
pleted in October, 1941. They will 
supplement a plant addition of the 
same size that has just been finished. 
Together, the two latest additions 
to the neoprene plant will increase its 
capacity by 1,000,000 lb. per month, 
raising the total production facilities 

to 1,500,000 Ib. per month. 


Max Landry Sales Repre- 

sentative Bruce-Macbeth 

Max E. Landry, Tulsa, Oklahoma, 
has been appointed sales representative 
for the Bruce-Macbeth Engine Com- 
pany. Landry will cover Oklahoma, 
the northwestern part of Arkansas, 
and the southern part of Kansas. 








Returns From Vacation 


J. F. Stephens, general manager of 
the Industrial Division of Gustin-Ba- 
con Manufacturing Company, Kansas 
City, Missouri, has returned to his of- 
fice after a vacation spent in the Gulf 
Coast of Texas. 





J. F. Magee in East 
James F. Magee, executive assistant, 
Skelly Oil Company, Tulsa, Okla- 
homa, is vacationing in the East. 
While there he will visit relatives in 
New York and New England, return- 
ing to Tulsa for Christmas. 





Correction 


Those retaining copies for future 
reference of the article, “Heating Nat- 
ural Gas to Prevent Hydrate Forma- 
tion,” by J. R. Cowles, which appeared 
in the November issue of The 
Petroleum Engineer, are advised of the 
following corrections: 


The datum set forth on Fig. 4 
should be 0°F. instead of 60°F. Begin- 
ning in the twelfth line of the third 
column on the first page, the wording 
should be “. . . determination if the de- 
signer has a complete...” 
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New Manager Roebling 
Philadelphia Branch 





HORACE E. THORN 

John A. Roebling’s Sons Company, 
Trenton, New Jersey, announces the 
appointment of Horace E. Thorn as 
manager of its Philadelphia branch 
office. 

After graduating from Drexel In- 
stitute in 1912, Thorn entered the 
Roebling organization and worked for 
several years in the engineering de- 
partment as designer and draftsman. 
In 1917, he was transferred to the 
sales department as sales agent for 
Roebling wire specialties, high-carbon 
round wire, and flat wire, where he 
remained until his present promotion. 


L. S. Miller Recent Mid- 
Continent Visitor 








LEE S. MILLER 


Lee S. Miller, petroleum engineer of 
the Michigan Department of Conser- 
vation and a member of the engineer- 
ing committee of the Interstate Oil 
Compact Commission, was a _ recent 
Tulsa visitor, where he attended the 
wedding of his son, Dan Miller, to 
Miss Louise Clarkson, daughter of Mr. 
and Mrs. R. H. Clarkson, 1347 South 
Norfolk Street. 
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Miller’s widely diversified petroleum 
engineering experience fits him par- 
ticularly well for his activities in the 
Compact Commission, he having first 
become connected with the oil busi- 
ness with the old Century Oil and Gas 
Company of Uvalde, Texas. Later he 
was with the U. S. Bureau of Mines 
at Casper, Salt Creek, and in the Big 
Horn Basin. In 1926 he became gas 
superintendent for the Carter Oil 
Company with headquarters in Tulsa, 
where he resided until 1933, when he 
moved to Michigan as a consulting 
petroleum engineer. 





Egon Koehler to Represent 
Alco Products 


Egon Koehler, vice-president of the 
Moorlane Company, Tulsa, Oklahoma, 





EGON KOEHLER 


for the last ten years, resigned effect- 
ive December 15, to associate himself 
with the Alco Products Division of the 
American Locomotive Company and 
take charge of sales of heat exchangers 
and allied lines in the Tulsa territory. 

Koehler will make his headquarters 
in Tulsa, Oklahoma, and will carry on 
his new work in conjunction with the 
Power Machinery Company, of which 
he is president. 

Koehler is a graduate in mechanical 
engineering from Texas A. and M. 
College, and has been associated with 
the oil industry for 18 years, 8 years 
with Cities Service Oil Company and 
10 years with Moorlane. 


A. G. Chamberlain 


Convalescing 
A. G. Chamberlain, of Frick-Reid 
Supply Corporation, Tulsa, Oklahoma, 
is convalescing at his home from a re- 
cent illness. 
G. W. Hamill, New York City, 


eastern representative for the com- 





pany, passed away December 8 of | 


pneumonia, 
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WELL EQUIFE 
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Pumping your well through 
leaky tubing collars is costly 
operating practice. Investigations 
show that numerous marginal 
wells are losing as high as 10% 
to 12% of their production due to 
worn tubing threads. 

Many operators of pumping 
wells are stopping this loss by 
Pulling collars on old tubing and 
applying RECTORSEAL, the ONE 
positive thread leak preventer. 
This practice postpones for an in- 
definite pericd shopping the tub- 
ing string for re-threading. REC- 
TORSEAL is equally effective on 
old or new threads. 


Stop your losses now. Apply 
RECTORSEAL to every joint the 
next time your tubing is pulled. 
One gallon treats the field end 
of 7,000’ of 212” tubing. 





Ask your SUPPLY DEALER for 
RECTORSEAL .. . Sizes ‘4 pt. to 1 gal. 


RECTORSEAL 


THE POSITIVE LEAK PREVENTER 











SUBSCRIPTION 
ORDER FORM 


THE PETROLEUM 
ENGINEER, 
Box 1589, Dallas, Texas. 


(Enter) (Renew) my subscrip- 
tion for 


1 year $2.00 [1] 2 years $3.00 [_] 
ee —_ 
Com pany__ 

Position____ = 


Home Address. 


(or) 
Office Address. 


 — — 
State a es 


























Rockfotd 
Clutches 


Rate High 
In The 


Oil Fields 
For Reliable 


Power Control 


Rockford Plate Clutches in both Over- 
Center and Spring-Loaded types give 
notably smooth, reliable power trans- 
mission control that makes them out- 
standing for oil field services. In 
pumping or drilling equipment, tractors, 
and various other applications; Rock- 
ford Clutches serve with utmost 
satisfaction and economy under long, 
hard usage. The Over-Center Clutch 
locks in and out of engagement; the 
Spring-Loaded works like an auto- 
mobile clutch. Ask for Rockford 
Clutches in your equipment .. . profit 
by the advantages they offer. Write 
today for full details. 


Rockford Clutches are made 
in many sizes and capa- 
cities; are well suited to a 
wide variety of equipment 
and working conditions. 
Investigate. 


Rockford 


Spring -Loaded Clutch 


ROCKFORD DRILLING MACHINE DIVISION 


Borg-Warner Corporation 


1303 Eighteenth Avenue, ROCKFORD, ILLINOIS, U.S. A. 
Over-Center Clutches Spring-Loaded Clutches Power Take-Offs 








Cut Your Pipe More 
Quickly, Cleanly, at 
Lower Cost with a 


RrikIb 


F you haven’t tried a 

Ritaip Pipe Cutter, 

you’ve been missing a 

pleasant experience. 

For this modern stand- 

ard RitaiD has a new- 

type thin blade cutter wheel of tool steel, 

forged and assembled in a solid steel 

bushed hub —to give you many more clean 

quick cuts, saving you time and money. 

There are also heavy-duty cutters, includ- 
ing a new trench type four wheel cutter. 
All are built to hold alignment, always 
cut true. For economy and better work, 
ask your Supply House for Ritatbs. 


THE RIDGE TOOL CO. + ELYRIA, OHIO 
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| Trade Literature 








THE CHAPLIN-FULTON MANUFACTURING COMPANY, 28- 
40 Penn Avenue, Pittsburgh, Pennsylvania, has issued Bul- 
letin 130, descriptive of its regulators for compressor con- 
trol. The types discussed are 130, 130S, 130PS, 131, and 
131PS. Copies of the bulletin may be had free upon request 
to the manufacturer. 


& 

Waites Dove-HERMISTON CorPoRATION, Westfield, New 
Jersey, is mailing out copies of its new General Catalog. The 
booklet describes and illustrates the part that Bitumastic has 
played in protecting many different and varied types of 
structures for more than three-quarters of a century. 

* 

THE NEW No. 10 RapiacGrapH BULLETIN published by 
Air Reduction Sales Company, discusses in detail this light- 
weight motor-driven gas cutting machine, widely used by 
practically every type metal working shop. 

Copies of this bulletin may be had by writing Air Reduc- 
tion Sales Company, 60 East 42nd Street, New York. 

® 

APROPOS OF THE RECENT ANNOUNCEMENT that Link- 
Belt Company, Indianapolis, Indiana, had renamed its line 
of anti-friction roller and ball bearings in all the various 
styles of housings, it has now completed a new 88-page 
data book No. 1775 for the aid of all who have occasion to 
use, recommend and buy bearings and other power trans- 
mission equipment. Unmounted bearing units also are cov- 
ered. 

This new Link-Belt ‘Friction Fighter’ Bearing catalog 
No. 1775 will be sent free upon request addressed to the 
company on business letterhead. 


e 

A MOST COMPLETE CLEARANCE CHART showing the area 
between rubber protectors and casing in relation to the 
internal area of tool joints, has been developed by Patterson- 
Ballagh Corporation. All types and sizes of drill pipe are 
charted, as are all sizes of protectors, giving the O.D. of the 
protector on pipe, the exact clearance between protector 
and casing, and other data desired by the drilling engineer. 
Several thousand calculations were necessary in its develop- 
ment. The chart has been reproduced in convenient bulletin 
form and a copy may be obtained by writing to Patterson- 
Ballagh Corporation, 1900 East 65th Street, Los Angeles, 
California. 

o 

Taytor Force anv Pipe Works, Chicago, has published 
a new catalog on the company’s line of seamless steel pipe 
fittings for welding and forged steel flanges. 

This new book is complete in every respect and includes 
within its 216 pages much technical data not readily avail- 
able elsewhere. Complete data is presented on design, pres- 
sure and temperature ratings, and on flange bolting, new 
test analyses, accepted standards, etc. 


A copy can be obtained without charge by writing the 
Taylor Forge and Pipe Works, P. O. Box 485, Chicago, 
Illinois. 


ALLIS-CHALMERS MANUFACTURING COMPANY, Mil- 
waukee, Wisconsin, has issued Bulletin B-6140 on the com- 
pany’s new all-in-one “Electrifugal” pumps for 1 to 10 hp., 
inclusive, for heads to 160 ft. It profusely illustrates and 
describes the unit construction, incorporating either special 
splash-proof motors, totally enclosed, fan-cooled motors, or 
explosion-proof, fan-cooled motors as may be required. 
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Engineer Appointed Kobe Tulsa 
Representative 


H. K. Ihrig has been appointed Tulsa district representa- 
tive by Kobe, Inc., manufacturers of the Kobe Hydraulic 
Pumping System. This move is part of an expansion pro- 
gram necessitated by 
the rapidly increasing 
use of this new method 
of producing oil, off- 
cials of the company 
state. As Ihrig was pre- 
viously associated with 
Kobe’s technical serv- 
ice work in Oklahoma 
City and then in Kan- 
sas he brings to his new 
position a well-rounded 
knowledge of the com- 
pany’s pumping system 
and its diversified appli- 
cation. 

He is an alumnus of 
the Missouri School of 
Mines and the Engi- 
neering College of Ok- 
lahoma A. and M. After graduating he joined the petroleum 
engineering department of the Wilcox Oil and Gas Com- 





H. K. IHRIG 


pany and later the same department of the Phillips Petro- | 


leum Company at Oklahoma City. In 1936 he became asso- 
ciated with the editorial staff of one of the oil country trade 
papers and was responsible for numerous technical articles. 
An unusual interest in treating problems caused him to be- 
come associated with the development of special equipment 
for the handling of emulsified crude oils, which work carried 
him to practically all Mid-Continent oil-producing states. 

Ihrig’s appointment was effective December 1. His head- 
quarters are at the company’s Tulsa office, 506 Kennedy 
Building. 





Emco Issues New Meter Maintenance 
Manual 


A publication, “Repair and Maintenance Manual for Emco 
and Ironclad Displacement Gas Meters,”’ has been issued by 
Pittsburgh Equitable Meter Company. This manual contains 

_ = , 80 pages of text and large, clear 
illustrations. 








The text matter was pre- 
pared by the Emco Engineer- 
ing Department and is written 
in non-technical language. 


REPAIR AND 
MAINTENANCE 


MANUAL 


for 
EMCO AND IRONCLAD : : 
DISPLACEMENT GAS METERS Meter repairmen will find 
this book invaluable, as the 


latest and most efficient meth- 


ao 


f 
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Ironclad and Emco cast-iron 
PrTSeumen CQUITARLE METER COMPANY 

_ completely described and illus- 
~ trated. 

As the manual is of value primarily to those who have 
occasion to perform actual work on Ironclad and Emco 
meters, the distribution is being limited to meter shop fore- 
men, distribution superintendents, and measurement engi- 
neers. To receive a copy requests should be addressed to the 
Pittsburgh Equitable Meter Company, 400 North Lexington 
Avenue, Pittsburgh, Pennsylvania. 
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j ods of renewing the life of | 


and pressed-steel meters are so | 


There's a 


pox evety 


TYPE OF SERVICE! 





GENUINE “VULCAN” TONGS: Every part built to bear its 
share of the load. Chains proof-tested and certified; Jaws 
and Handle are tough drop-forgings; Through-bolt is extra 
heavy, and its U. S. Standard Nut simplifies replacement. 
8 sizes with Flat Link or Cable Chain—',” to 18” pipe. 

Also “VULCAN SUPERTONGS”: The maximum in Chain 
Tong Strength. Same design but drop-forged from Alloy and 
High Tensile steel, heat-treated and equipped with Alloy 
“SUPERCHAIN.” 50% greater strength than regular “Vul- 
can” Tongs of corresponding size and weight, 8 sizes for 
1,” to 18” pipe. 





“VULCAN BOLL-WEEVIL” TONGS: A reversible action 
Tong for flat pipe work—very efficient in trenches. Changes 
instantly from “Making-up” to “Breaking-out” without even 
unhooking chain. Jaws reversible for double life. Each chain 
proof-tested and certified. 4 sizes, %4” to 12” pipe. 

Also “BOLL-WEEVIL ZEPHYR”: Greater strength with 
much less weight. Same structural and utility features as 
regular “Boll-Weevil,” but heat-treated and equipped with 
Alloy “SUPERCHAIN”—stronger and much lighter, capac- 


sn 


ity for capacity. 3 sizes, for %4” to 12” pipe. 


J. H. WILLIAMS & CO., 225 Lafayette St., NEW YORK 
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ENSIGN Butane- 
powered Le Roi 
engine on port- 
able drilling rig. 


10,000 installations in 6 years 
prove the practicability of 
Butane as an engine fuel, and 
the dollars and cents advan- 
tage in using ENSIGN Butane 
equipment. ¢ Insist on ENSIGN 
—and have the BEST! 
















COMBINATION BUTANE & GASOLINE CARBURETORS 


ENSIGN CARBURETOR CO., LTD. 


HUNTINGTON PARK, CALIF. ¢ CHICAGO, ILL. e DALLAS, TEXAS 

















PATTERSON -BALLAGH 
[UNIVERSAL MUD}GUN 






























Double Flow Eliminates Spinning 


Made of heavy cast steel. Double balanced flow 
with single outlet. For operations where mud is 
jetted on a 24-hour basis and the heaviest type 
of gun is needed. Double flow eliminates the 
hydraulic reaction that causes other guns to spin. 
Gun holds in any fixed vertical position. 


See Composite Catalog 


PATTERSON-BALLAGH CORPORATION 
Los Angeles Houston New York City 
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| subject. Although the book has been compiled and published 


| spare-time study what it would take many months to pick 


| foreman. 


| tails of the program and registration of those in attendance 
| at the Gas Measurement Short Course, the bulletin contains 
| 41 papers that were read at the meeting, all of which are of 
_ considerable interest to those engaged in gas measurement. 


| (1939), Oil and Gas Division. This report to the Governor 


| road Commission and therefore may be accepted as authori- 
| tative insofar as the state regulatory body is concerned. 














| 





| 
Book Reviews > 





—_________ J 








| more valuable than previous editions. 





Sim ple Blue Print Reading with Special Reference to Weld- 
ing, published by The Lincoln Electric Company, Cleveland, 
Ohio. 138 pp., 164 illus., semi-flexible simulated leather 
cover, gold embossed. Price 50 cents in U.S.A., 75 cents 
elsewhere. Postage prepaid. 

This book affords a basis for study of blue print reading 
that, together with practice in the actual reading of draw- 
ings, will guide the student to proficiency in this important 


primarily for welders, it contains information of value for 
anyone concerned with mechanical construction. With the 
help of the book, the student can learn with a few hours’ 


up in the ordinary course of everyday work. It will enable 
welders, mechanics and others to answer questions for them- 
selves, thus saving the time of the welding supervisor or 


Proceedings of the Second Annual Appalachian Gas Meas- 
urement Short Course (1939), edited by G. R. Spindler and 
H. J. Wagner. Technical Bulletin No. 16, Engineering Ex- 
periment Station, West Virginia University, Morgantown, 
W. Va. 478 pp. 

In addition to recording the address of welcome and de- 


* 
Annual Report of the Railroad Commission of Texas 


is published by the State of Texas, Austin, Texas. 
Reflecting as it does the entire picture of events that 
transpired during the year 1939 in the production of oil and 
gas in the State of Texas, this report is valuable in that it 
comprises statistical and other data as recorded by the Rail- 


Fire—Its Cause, Prevention, and Control, by Harold Joe 
Davis. Price 25 cents. Available from author, 3927 East 
Admiral Place, Tulsa, Oklahoma. 

This 10-page pamphlet, written by a safety engineer, pre- 
sents an analysis of the various accepted methods for com- 
bating the fire hazard in industrial plants, particularly of the 
type found in the oil and gas industry. 


Handbook of Chemistry and Physics, 24th Edition, pub- 
lished by Chemical Rubber Publishing Company, 1900 West 
112th Street, Cleveland, Ohio. Editor-in-chief, Charles D. 
Hodgman. 2532 pp., price $3.50 in U.S.A. and Canada; 
$4.00 elsewhere. 

Among other important revisions and additions that have 
been made in this long-established authority on physical and 
chemical constants is the change from paragraph to tabular 
form of the 520-page table “Physical Constants of Organic 
Compounds” and the addition of more than 300 new com- 
pounds not previously listed. An entirely new feature is the 
65-page table “Physical Constants of Industrial Organic 
Compounds.” Other changes make this new edition even 



















THE PETROLEUM ENGINEER, DEC., 1940 





ee “S Va UV 


al 


re 


i- 
1c 








Huge Ticket to I.P.E. Given Compact 
Delegates 

Official delegates to the Interstate Oil Compact Commis- | 
sion meeting in Tulsa, Oklahoma, recently were presented | 
with a huge ticket to the 1942 International Petroleum Ex- 
position in Tulsa by Oklahoma’s Governor Leon C. Phil- 





lips and exposition officials. President W. G. Skelly of the 
Exposition and Governor Phillips urged the governors and 
oficial representatives from ten states to carry the invitation 
back to the oil men in their states. 

In the picture, from left to right, are: Skelly, Governor 
Phillips, Andrew F. Schoeppel, compact member from Kan- 
sas and chairman of the Kansas Corporation Commission, and 
Frank J. Hinderliter, vice-president of the 1942 Interna- 
tional Petroleum Exposition, which will be held May 16 


to 23. 








Annual Meeting A.S.M.E. Held in 
New York City 


Five thousand engineers and executives from all parts of 
the United States and Canada attended the 61st Annual | 
Meeting of the American Society of Mechanical Engineers 
at the Hotel Astor in New York City during the week of | 
December 2 to 6. The sessions were dedicated to the propo- | 
sition “that better living and greater industrial progress is | 
possible through engineering.” The society includes a mem- 
bership of more than 15,000 mechanical engineers through- 
out the world. | 

This year’s meeting assumed increased international im- | 
portance, due to the current wars that have led to the ces- | 
sation of technical meetings in English-speaking and other 
belligerent countries. 





For the second successive year the engineers met away 


from their accustomed location at the Engineering Societies 
Building. Last year’s sessions were held in Philadelphia, the 
first time since 1890 that they were convened outside of 
New York City. 

Included on the 1940 program were 100 technical papers 
by experts in such specialized mechanical engineering fields 
as fuels, machine-shop practice, steam power, railroads, man- 
agement, textiles, process industries, metals, heat transfer, 
materials handling methods, hydraulics, and applied me- 
chanics. 





Schlumberger Precision Gun-Perforating 
Available in Mid-Continent Fields 


Announcement has been made by Schlumberger Well Sur- | 
veying Corporation to the effect that its precision gun- | 


perforating service is now available in Mid-Continent fields. 
Schlumberger offices in the Mid-Continent area are at Tulsa 
and Oklahoma City, Oklahoma, and Wichita, Kansas. 
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| Are You Too Busy? 
A man can be too busy to make money. 
Maybe you haven't had time to investigate, but 





IF YOU WANT A 
PACKING THAT 
FITS THE JOB 


pura ¢ 


= 
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prevent wear on rods, 


Protect your pump investment... 
shafts and sleeves and costly shut-downs by using DURA- 


METALLIC .. . the original twisted, flexible, lubricated, 
metallic packing. Free Engineering Service. 
WRITE FOR SPECIFICATION SHEETS 

















when you do you'll find that a JENSEN JACK on 
any well gives you a wider spread between what oil 
costs and what you get for it. 


Like any good employee, a JENSEN JACK 
accepts responsibility. Give it a job to do, and little 
supervision is needed. And there you have the key 
to freedom next year from a lot of the worries 
you've had this year. 


Are you too busy? Is Christmas too near? Or 
WILL you investigate? Just ask your JENSEN Dealer 
or write-wire-phone us at Coffeyville. 





For detailed JENSEN 
JACK description and 
specifications, see . . 

PRODUCING EQUIP- 
MENT DIRECTORY or 
COMPOSITE CATALOG. 


BROTHERS 
MANUFACTURING CO. 


) Coffeyville, Kansas 


EXPORT OFFICE: 50 CHURCH ST., NEW YORK CITY 





























THE BEST VALVE ‘, 
ALLOWS Ready _ 


A valve must be easy to repair. The best valve ~Y 
therefore guarantees ready replacement of parts 

with simple internal construction and ample tolerances: 
new parts match the old, even after years of service. 

The best valve also assures smooth, positive opera- 
tion by unwedging and freeing gates before raising, wedg- 
ing them only when they are directly opposite ports. It 
cleans itself and has no internal guides to cause foul-up. 
It guarantees positive closure with self-releasing 30° angle 
wedges, and flexible-action gates se/f-adjusting to seats. 
It allows no pressure shock. 

Only the parallel seat, double 
wedge type slide gate valve pro- 
vides a// these essential bene- 
fits. This principle, devel- 
oped and perfected by 
Ludlow, has been uni- 
versally accepted and pre- 
ferred for oil, gas, and 
water lines since 1866. 

Information on request. 


The < 
LUBEOW 
VA LV MFG-CO-INC- 


TROY: N°Y-° 


| burgh, 


| engineer from Ohio State University. 
| of employment with the Moore Steam Turbine Company of 














FULTON SPRING-TYPE 
REGULATOR 


The regulator here shown 
is preferable in remote, 
out-of-the-way places, to 
one of the lever type, as 
it protects itself against 
tampering or injury by weather. 
Its compact, light-weight design 
reduces handling and installation 
costs. Equipped for high pressure, 
it reduces from 300 pounds 
to any desired pressure be- 
tween 10 and 50 pounds. 
For low pressure, reduces 
from a maximum of 50 lbs. 
to any outlet pressure be- 
tween 4 ounces minimum mtet 
and 10 lbs. maximum. 


New catalog on request. 


Ze CHAPLIN-FULTON MEG. CO. 














28-40 PENN AVE. 
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Oil Well Supply and Wilson-Snyder 
Announce Personnel Changes 


Announcement has been made of the appointment of 
A. R. Zelt as vice-president of the Oil Well Supply Company 
in charge of manufactured products. 

E. H. Roos, formerly manager of Wilson-Snyder Manu- 
facturing Corporation, succeeds Zelt as works manager of 
the Imperial Works Plant of the Oil Well Supply Company, 
Oil City, Pennsylvania; and T. E. Regan succeeds Roos as 


| manager of Wilson-Snyder at Braddock, Pennsylvania. 


Zelt has been works manager of the Imperial Works 


| Plant for the last ten years, and will continue his residence 


in Oil City where he is prominently identified with the civic 
and industrial life of the community. He is a native of 
Washington, Pennsylvania, and received his engineering de- 
gree from the Carnegie Institute of Technology at Pitts- 
Pennsylvania, where he was active in athletics. 
Previous to his association with “Oilwell” Zelt was em- 


| ployed by the American Rolling Mill Company. 


Roos, a native of Wellsville, New York, has already taken 
up his residence in Oil City. He is a graduate mechanical 
After a short period 


Wellsville, New York, Roos entered the employ of Wilson- 


| Snyder Manufacturing Corporation 17 years ago, and for 


the last ten years has been manager of the company with 


| headquarters at Braddock, Pennsylvania. 


T. E. Regan is a native of North Dakota. After being 
graduated as a mechanical engineer at North Dakota State 
College, Regan devoted some time to graduate study and 
research with Westinghouse. He entered the Wilson-Snyder 
organization in 1929 and has been superintendent for the 
last nine years. 





Montrose Visits Lane-Wells Divisions 


M. E. Montrose, general sales manager of Lane-Wells 
Company, recently completed a six weeks’ visit to the com- 
pany’s Mid-Continent and Gulf Coast divisions prior to 
attending the A.P.I. meeting in Chicago. Montrose reports 
that the demands for Lane-Wells gun-perforating, electrolog, 
and survey services for 1941 from all indications will be 
greater than the company’s biggest year, which is just clos- 
ing. New field units are being completed as fast as possible 
to provide better service facilities in all areas served. 

Great progress has been made in the new Lane-Wells 
radioactivity well-logging service in the Mid-Continent, he 
states. This service, which permits logging through casing, 
is being developed as rapidly as possible. Equipment is being 
constructed and field operators are being trained. Extension 
of this service, which is available now only in certain Mid- 
Continent fields, will be made as soon as equipment can be 
completed, it is stated. 





Gulf Employees to Receive Three Months’ 
Pay for Military Service 


Twenty-five thousand employees of the Gulf Oil Corpo- 
ration and its subsidiary companies have been advised of 
the company’s policy regarding their entering military serv- 
ice. All employees having six months or more of continuous 
service will be granted a one-year leave of absence. 

In addition to the leave of absence, every such employee 
of the Gulf companies will receive his usual compensation, 
less governmental pay and allowances, for the period of his 
military service, or three months, whichever is the lesser. 

Also covered in the announcement was the company’s atti- 


| tude regarding seniority. In effect, this states that any such 


employee will, upon his return, be reinstated with the same 
seniority right he enjoyed previously and will be considered 
as being in continuous service to the Gulf companies. 
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MEETINGS 












California Natural Gasoline Association, Monthly Meeting—Jan- 
uary 2, Barker Bros. Auditorium, 818 West Seventh Street, Los 
Angeles, California. 











Society of Automotive Engineers, Annual Meeting and Engineering 
Display—January 6, 7, 8, 9, and 10, 1941, Book-Cadillac Hotel, De- 
troit, Michigan. 

















Louisiana Engineering Society, Annual Meeting—January 10 and 
11, 1941, St. Charles Hotel, New Orleans, Louisiana. 








Liquefied Petroleum Gas Association, Eastern Section, Regional 
Meeting—January 16 and 17, New York City. 

American Institute of Mining and Metallurgical Engineers—Feb- 
ruary 17, 18, 19, and 20, Engineering Societies Building and Com- 
modore Hotel, New York City. 


North Texas Oil and Gas Association—February 22, 1941, Wichita 
Falls, Texas. 





Liquefied Petroleum Gas Association, Annual Convention—Feb- 
ruary 24 and 25, Chicago, Illinois. 

American Petroleum Institute, Southwestern District Division of 
Production—February 27 and 28, 1941, Washington-Youree Hotel, 
Shreveport, Louisiana. 


American Society for Testing Materials—March 3, 4, 5, 6, and 7, 
Hotel Mayflower, Washington, D.C. 





American Petroleum Institute, Division of Production, Spring Meet- 
ing, Pacific Coast District—-March 11, 1941, Biltmore Hotel, Los 
Angeles, California. 





Indiana Independent Petroleum Association, Spring Convention 
and Refiners’ and Suppliers’ Exhibit March 11, 12, and 13, 1941, 
Hotel Severin, Indianapolis, Indiana. 





Oklahoma Utilities Association, Annual Convention — March 17 
and 18, 1941, Tulsa, Oklahoma. 





American Association of Petroleum Geologists—April 2, 3, and 4, 
1941, Rice Hotel, Houston, Texas. 





American Chemical Society—April 7, 8, 9, 10, and 11, St. Louis, 
Missouri. 





Midwest Power Conference—April 9 and 10, 1941, Palmer House, 
Chicago, Illinois. 





Southwestern Gas Measurement Short Course—April 15, 16, and 
17, University of Oklahoma, Norman, Oklahoma. 





American Petroleum Institute, Eastern District, Division of Pro- 
duction — April 17 and 18, 1941, William Penn Hotel, Pittsburgh, 
Pennsylvania. 





Petroleum Industry Electrical Association — April 23, 24, and 25, 
1941, Tulsa, Oklahoma. 


Natural Gasoline Association of America, Annual Meeting—April 
23, 24, and 25, 1941, Baker Hotel, Dallas, Texas. 


National Petroleum Association—April 24 and 25, 1941, Semi- 
annual Meeting, Hotel Cleveland, Cleveland, Ohio. 








Petroleum and Natural Gas Conference—April 25 and 26, State 
College, Pennsylvania. 





American Petroleum Institute, 11th Mid-year Meeting—May 19, 
20, 21, 22, and 23, Mayo Hotel, Tulsa, Oklahoma. 


American Society for Testing Materials—June 23, 24, 25, 26, and 
27, 1941, 44th Annual Meeting, Palmer House, Chicago, Illinois. 








American Petroleum Institute, 22nd Annual Meeting—November 
3, 4, 5, 6, and 7, 1941, San Francisco, California. 





G. G. Brown Speaks in Houston 


George Granger Brown, professor of chemical engineering, 
University of Michigan, spoke on “Natural Gas Under Pres- 
sure” at the meeting of the Southeast Texas Section of the 
American Chemical Society, December 6, Houston, Texas. 
Prior to the lecture, there was a dinner at the Plaza Hotel. 
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ge 3 WATER CANS 
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GOTT Water Cans are the practical 
Zoe Me Cole <-1-)oMotetel stele Mh 2etl-) motelel ME lols 
long periods, protected from impurities 
and always handy to the job. Snug 
fitting large removable top, strongly 
built to withstand rough usage. GOTT 
Water Coolers have extra large covers 
and a handy non- 
Yet stele molt leM elt iiley | 
faucet. Your Supply 
Store has them, get 


H.P.GOTT MFG.CO. 


WINFIELD, KANSAS 


KEEP PURE DRINKING WATER ALWAYS 











THE NUT that is helping to 
keep hard-working oil field 


equipment on the job... 


Available at supply houses .. . backed by 
factory stocks in Houston and Los Angeles 





56-page Catalog and Data Book contains a 
graphic explanation of the Elastic Stop prin- 
ciple, presents test and application data, and 
lists the complete line of nuts @ Write for a copy. 


ELASTIC STOP NUT CORPORATION 
2324A VAUXHALL ROAD © UNION, NEW JERSEY 


ite tele dite 





NUTS 

















"Now Gonitable in Booklet. Jom 
The Complete 
UREN 


Decimal System 


(Including a Subject Index Arranged Alpha- 
betically) for classifying and filing data per- 
taining to the Petroleum Industry. Only fifty 
cents a copy. Send your order to Tue Petro- 
LEuM EnGIneer, P.O. Box 1589, Dallas, Texas. 

















In time your wells fill with 
sand and sediment, de- 
creasing production. Give 
your wells NEW life by 
cleaning-out with a MIL- 
LER — the Sand Pump in 
World-Wide use. 


The MILLER is made in diameters 
of 212, 3, 32, 4, 41%, 5, 512, 7 and 
9 inches and lengths of 20, 25 and 
30 feet. 5/32-inch wall thickness in 
REGULAR Type, 14-inch wall tubes 
HEAVY DUTY Sand Pumps. 


INTERCHANGEABLE BOTTOMS 
To Meet Every Condition 

@ BAILER BOTTOM 
With the Bailer Bottom 

installed the MILLER is 


quickly changed to a Bailer 
giving you a combination 
of either Bailer or a Sand 
Pump in one tool. 


@ SAND BOTTOM 


Used when tools are run 
and when well is shot to 
quickly remove loose ma- 
terial. 


@STAR BOTTOM 
— for cutting the sand i 


SOOTY gm pe bj Epo: 
om miein 


@ CHISEL BOTTOM 


(In Pump) 
With this bottom tightly 
jacked sand can be easily 
Braker in small pieces so 
it can be picked up in the 
pump. 





Write for Descriptive 
Folder and Price List 


See Pages 1672-73 COMPOSITE CATALOG 


—- 

patentéa 
NO. 197@340 
NO. 1929608 
NO 178700 
NO. 1eegeae 
NO. 16) ae 
MO 2088667 


General Offices and Factory: 


OKLAHOMA CITY, OKLAHOMA 
1524 8.E. 29th P. O. Box 4516 Tel. 7-6884 
Export De: ent: 

Sulte 4616-30 Rockefeller Plaza, New York 


Branches: 
SAPULPA KILGORE 


SALEM 
Oklahoma Texas 


Illinois 
Tel: 341 Tel: 101 Tel: 545 


FOR SALE BY SUPPLY 
STORES EVERYWHERE 
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INDEX #o ADVERTISERS. 
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Abercrombie Pump Co. 
Acme Fishing Tool Co. 
Air Reduction Sales Company 61 
American Cable Division of Ameri- 
can Chain & Cable Company, 
Inc. Inside Back Cover 
American Chain and Cable Company, 
Inc. Inside Back Cover and 67 
American Hammered Piston Ring 
Division 57 
American Iron & Machine Works Co. 
American Roller Pearing Company 4 
American Sand-Banum Co., Inc. 138 
American Steel & Wire Co. 101 
Armstrong Bros. Tool Co. 138 
Axelson Manufacturing Co. 
Baker Oil Tools, Inc. 
Bantam Bearings Corp. 
Baroid Sales Co. 
Bartlett-Hayward Division 
Bethlehem Steel Co. 
Bethlehem Supply Co. 
Broderick & Bascom Rope Co. 
Buckeye Traction Ditcher Co. 
Byron Jackson Co. 
Cameron Iron Works 
Cardwell Mfg. Co. 
Cavins Co., The 
Chaplin-Fulton Mfg. Co. 
Chapman Valve Mfg. Co., The 
Chicago Bridge & Iron Co. 
Chiksan Tool Co. 
Clark Bros. Co. 
Cleveland Trencher Co. 
Climax Molybdenum Co. 
Continental Motors Corp. 
Continental Supply Co., The 
Cook, C. Lee, Mfg. Co. 
Cooper-Bessemer Corp. 
Core Laboratories, Inc. 
Crane Co. 
Cummins Engine Co. 
Dearborn Chemical Co. 
Diamond Chain & Mfg. Co. 
Dowell Incorporated 
Durametallic Corp. 
Elastic Stop Nut Corp. 
Engineering Laboratories, Inc. 
Ensign Carburetor Co., Ltd. 
Fluid Packed Pump Co. 
France Packing Co. 
Franks Mfg. Corp. 
Frick-Reid Supply Corp. 71 
Gaso Pump & Burner Mfg. Co. 103 
General Electric Corp. 
Gott, H. P., Mfg. Co. 145 
Gray Tool Co. 
Halliburton Oil Well Cementing 
Company Back Cover 
Hazard Wire Rope Division of 
American Chain & Cable Co., Inc. 67 
Hewitt Rubber Co. 
Homestead Valve Mfg. Co. 
Hughes Tool Company 
Hyatt Bearings Division, General 
Motors Sales Corp. 78 
Ingersoll-Rand 22 
International Harvester Company 43 
Jarecki Mfg. Co. 115 
Jensen Bros. Mfg. Co. 143 
Johns-Manville 
Kerotest Mfg. Co. 
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Koppers Company 57-58 
American Hammered Piston Ring 
Division, Bartlett Hayward Divi- 
sion, Engineering and Construction 
Division, Western Gas Division, 
Wood Preserving Corp., The 

Lane-Wells Company 55 

Larkin Packer Co., Inc. 

Leschen, A. & Sons, Rope Co. 11 

Lincoln Electric Company, The 19 

Line Scale Co., Inc. 134 

Link-Belt Company 7 and 133 

Lone Star Cement Corp. 47 

Ludlow Valve Mfg. Co., Inc. 144 

Lufkin Rule Co. 

Lunkenheimer Co., The 84 

McEvoy Company 

McKissick Products Corp. 

Macwhyte Company 

Marmon-Herrington Co. 

Martin-Decker Corp. 

Mathey, C. A., Machine Works 

Merco Nordstrom Valve Co. Front Cover 

Miller Sand Pump Co. 146 

Mission Mfg. Co. 20 and 86 

National Supply Company, The 121 

National Tank Company 

National Tube Co. 99 

Nelson, J. B. 124 

Oakite Products, Inc. 130 

Oil Center Tool Co. 

Oil Well Supply Co. 97 

Otis Pressure Control, Inc. 

Patterson-Ballagh Corporation 142 

Penberthy Injector Co. 13 

Petroleum Electric Power Association 111 

Petroleum Rectifying Co. 

Pittsburgh Equitable Meter Co. 74 

Rector Well Equipment Co. 139 

Reda Pump Co. 

Reed Roller Bit Company 

Reilly Tar & Chemical Corp. 

Republic Steel Corp. 

Ridge Tool Co. 

Rockford Drilling Machine Division 

Roebling’s Sons Company, John A. 

Schlumberger Well Surveying Co. 

Security Engineering Co. 

Seismograph Service Corp. 

Skinner, M. B., Co. 

Smith, A. O., Corp. 

Smith, E. M., Company 

Spang Chalfant, Inc. 

Spang & Company 

Sperry-Sun Well Surveying Co. 

Stearns-Roger Mfg. Co. 

Taylor Forge & Pipe Works 63 

Thermoid Co. 

Thornton Tandem Co. 127 

Toledo Pipe Threading Machine Co. 125 

Tretolite Company Inside Front Cover 

Trinity Portland Cement Co. 

Tru-Line Corp. 

Union Wire Rope Corp. 130 

U. S. Steel Corp., Susidiaries, 97, 99, 101 

Victor Products Corp. 

Williams, J. H. & Co. 141 

Wilson Mfg. Co. 

Wilson Supply Co. 17 

W. K. M. Co., Inc. 

Worthington Pump and Machinery 

Corp. 109 

Wyatt Metal & Boiler Works 

Youngstown Sheet & Tube Co. 65 
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